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THE STUDY OF CERTAIN DIETARY CONDITIONS 
BEARING ON THE PROBLEM OF 
GROWTH IN RATS 

By CASIMIR FUNK- 
In CooPEaATioN tvith Joseph Poklop 

{From the HunltngUm Fund, Memonal Hoipilal and Loomis Loioratory, 
and the Hamman Research Laboratory, Roosevelt Hospital, New York ) 

(Received for publication, August 12, 1916 

During the progress of a senes of investigations carried on 
by the ivnter m collaboration with Dr Macalluni,^ it was deemed 
advisable to note in a senes of control experiments the mfluence 
exerted by the addition of various specific substances, which 
might, not only from the standpomt of nutrition, but also from 
the standpomt of correctmg deficiencies m diet, brmg about 
a better condition of the experimental animals The results 
obtamed, covermg a penod of nearly 2 years and representmg 
selected data noted by observation of several hundred rats ex- 
perimented upon, are herewith presented 
As a matter of experience it nught be stated at this tune that 
the animals furnished to us by dealers seemed to lack that power 
of resistance which would make them smtable for our feedmg 
experiments This was manifested by a loss of hair on bemg 
placed m the metabolism cages, and early death before our experi- 
ments were well under way This difficulty was promptly elimi- 
nated when rats bred m our laboratory under proper dietary 
conditions were substituted The animals which were used for 
breedmg purposes thrive best when kept on a diet of oats, bread, 
condensed milk and jmsst The success of this diet was evidenced 
by the production of better animals from the physical, as well 
as from the experimental standpomt, than are produced by any 
other ways yet brought to our notice Details of this dietary 
are shown elsewhere m the present paper 

* Funk, C , and Macallum, A. B , J Biol Chem , 1916, xwu 51, 63 
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Dietary Conditions in Growth 


In sequence to our earlier studies as to the value of oats as an 
exclusive diet for guinea pigs and rabbits,’ our later experi- 
ments tend to show that oats, whether in seed or germinated, 
m conjunction with sodium bicarbonate or alone, were also an 
insufficient or unsmtable diet for young rats 

Our experiments show that the quantity of vitanunes neces- 
sary for stimulatmg growth m rats is by no means small If 
yeast is added to the diet to the extent of 1 per cent the rats 
grow for a short time, after which they begm to declme Experi- 
ments which are not recorded m this paper have shown that at 
least 3 per cent of yeast is necessary to insure a satisfactory 
growth m rats Stdl further experiments have shown that yeast 
has more effect in promotmg growth than an addition of a few 
cc of milk, as used by Hopkins ’ Yeast can be regarded as a 
complete food by itself It was therefore necessary to ascertam 
whether the good results obtamed with this addition are not 
merely due to a correction of the nutritive value of the protein 
used (m this case, casern) or to the presence m it of nucleic acid 
Consequently a diet was prepared m which the total casern mtro- 
gen was substituted by yeast mtrogen The results obtamed were 
not as satisfactory as when yeast was used m smaller amounts 
for its vitarmne content only, and not for nutntive value 
As orange juice has shown its value as a preventative of scurvy 
in rats, its value m promotmg growth had to be ascertamed A 
diet which was made with orange juice instead of yeast was found 
to be without value for growmg rats 
Fmally an mquiry mto the value of Lloyd's reagent as a 
precipitant for the growth-promotmg substance m yeast was 
attempted This reagent has been mtroduced by SeideU^ for a 
quantitative separation of ben-ben vitamme from autolyzed 
yeast He claimed that an addition of 60 gm of the reagent 
to a hter of autolyzed yeast is sufficient for this purpose Our 
results seem to show that a complete separation of the growth 
substance could not be effected, smce both the precipitate and 
the filtrate were active, although to a lesser degree than the 
ongmal solution, the activity of the precipitate bemg far more 

* Funk, J Biol Chem , 1916, xxv, 409 

* Hopkins, F G , J Physiol , 1912, xliv, 426 

* Seidell, k., U S Public Health Report, No 325, 1916 
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marked than that of the filtrate We are not prepared to state 
at present whether our findings were due to the use of an insuf- 
ficient amount of the reagent, or whether the separation of the 
growth-promotmg factor mto two fractions would be an explana- 
tion We may be able to make a more defimte statement m 
the near future That the value of autolyzed yeast for growth 
experiments, as well as its antiscorbutic properties, for rats, is 
diminished by the above process, there is no doubt m our mmds ‘ 

EKPEBIMBNTAI, 

ExpenmetU 1 The Effect of Condensed Milk {Rats S and 4, Fig S) 

Tie diet oonsiated of cabbage, oats, white bread, fresh vegetables, and 
condensed milk-. The female became pregnant after 48 days and the ex- 
periment had to be discontmued. An nnnsnal appetite for condensed 
milk seemed to be manifested bv these animals which suggested to us that 
a possible mcreased supply of this form of milk might bring about still 
better results The curves compare very favorably with the curves of 
control rats published by previous investigators and this suggests that 
careful description of the composition of normal diet is desirable 


Rats 3 (male) and 4 (female) 


Days. 


Wdsht. 

i. 


om 

pm 

0 

41 8 

35 0 

4 

60 0 

48 7 

8 

66 9 

55 4 

12 

83 4 

68 3 

16 

95 6 

75 9 

20 

108 7 

84 2 

24 

122 6 

93 2 

28 

134 8 

99 4 

32 

142 6 

104 4 

36 

149 7 

116 2 

40 

146 7 

1214 

44 

148 7 

131 7 

48 

158.6 

154 5 


‘ A short time ago a paper was published by my former assistant (Drum- 
mond, J C , Biochem J , 1916, i, 77) in which ho onticiies my results 
upon chickens stunted by a diet of unpolished nee In answer I might 
state that, although his actual figures fuUv corroborate my statements, 
his mam objection seems to be that even chickens on normal diet do not 
thrive when kept under laboratory conditions This fact, of which I am 
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Dietary Conditions in Growth 


In sequence to our earlier studies as to the value of oats as an 
exclusive diet for guinea pigs and rabbits, “ our later experi- 
ments tend to show that oats, whether m seed or gemmated, 
m conjunction with sodium bicarbonate or alone, were also an 
insufficient or unsmtable diet for young rats 

Our experiments show that the quantity of vitammes neces- 
sary for stunulatmg growth m rats is by no means small If 
yeast is added to the diet to the extent of 1 per cent the rats 
grow for a short time, after which they begm to dechne Experi- 
ments which are not recorded m this paper have shown that at 
least 3 per cent of yeast is necessary to insure a satisfactory 
growth m rats StiU further experiments have shown that yeast 
has more effect m promotmg growth than an addition of a few 
cc of milk, as used by Hopkins ’ Yeast can be regarded as a 
complete food by itself It was therefore nece^ry to ascertain 
whether the good results obtamed with this addition are not 
merely due to a correction of the nutritive value of the protein 
used (m this case, casern) or to the presence m it of nucleic acid 
Consequently a diet was prepared m which the total casern mtro- 
gen was substituted by yeast ratrogen The results obtamed were 
not as satisfactory as when yeast was used m smaller amounts 
for its vitamme content only, and not for nutntive value 
As orange juice has shown its value as a preventative of scurvy 
m rats, its value m promotmg growth had to be ascertamed A 
diet which was made with orange juice instead of yeast was found 
to be without value for growmg rats 
FmaUy an mquuy mto the value of Lloyd’s reagent as a 
precipitant for the growth-promotmg substance m yeast was 
attempted This reagent has been mtroduced by Seideffi for a 
quantitative separation of ben-ben vitamme from autolyzed 
yeast He claimed that an addition of 50 gm of the reagent 
to a hter of autolyzed yeast is sufficient for t.hiH purpose Our 
results seem to show that a complete separation of the growth 
substance could not be effected, smce both the precipitate and 
the filtrate were active, although to a lesser degree than the 
origmal solution, the activity of the precipitate bemg far more 

• Punk, J Biol Chem , 1916, xxv, 409 

• Hopkins, F G , J Physiol , 1912 , xliv, 425 

• Seidell, A, U S Public Health Report, No 325, 1916 
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Rata 29, 30, and 31 Oats 
alone Weight (gm ) 

Rata 32, 33, and 34 Oats 
and sodium bicarbonate 
Weight (gm ) 

Days, 

29 

30 

31 

1 32 

S3 

' 31 

0 

69 6 

68 8 

68 8 

41 6 

47 0 

56 0 

4 

70 3 

69 7 

65 3 

41 0 

45 6 

59 3 

8 

68 6 

68 5 

57 8 

46 0 

42 0 

58 3 

12 

72 6 

59 0 

61 4 

42 0 

39 6 

65 7 

16 

76 8 

67 7 

61 6 

34 2 


60 4 

20 

76 6 

64 2 

59 0 



67 6 

24 

74 4 

63 3 

55 9 



65 0 

28 

72 8 

51 1 

52 0 



62 1 

32 

71 4 

50 8 

61 6 




36 

73 6 

60 7 

62 0 




40 

72 8 

62 6 

60 6 


1 


44 

68 6 

64 0 

44 4 




48 

62 2 

48 6 



1 


62 

63 0 

47 0 






Experiment i Germinated Oats as Compared with Plain Oats in Their 
Value for Growth 

These eipenments have been performed m analogy to the investiga- 
tion of FOrst* who has found that germinated oats develop antiscorbutic 
properties tusmg gumea pigs) It was possible that rats would grow 
better on germinated seeds, with green parts already developed, but this 
was not to be the case and strangely enough the animals on oats alone 
onthved the others The rats (21, 22, 23, and 24, Pig 1) received at the 
beginnmg germinated oats, which were later supplemented with white 
bread Rats 25, 28, 27, and 28 received plam oats and later also white 
bread From the 18th day both lots had an artificial diet mured with 5 
per cent plain oats or 10 per cent genmnate^ oats, the latter bemg found 
twice as heaw m our case 


FOrst, V , Z Hyg u Infecltonsf-rankh , 1912, Ixxu 121 
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Dietary Conditions in Growth 


Expenmeni 3 The Effect of Yeast Addition to a Normal Diet {Rats S and 

6, Fig g) 

The diet consisted of cabbage, oats, white bread, fresh vegetables, con- 
densed milk, and 2 gm of dried yeast daily The appearance of these 
rats as compared with those on artificial diets showed a better growth 
and a healthier general condition 


Rats S (male) and 6 (female) 


Days 


Wei|ht. 


ffm 

ffm 

0 

60 0 

49 6 

4 

69 2 

69 8 

8 

84 5 

82 3 

12 

100 0 

92 2 

16 

107 6 

96 4 

20 

122 6 

122 1 

24 

133 1 

123 1 

28 

146 4 

138 2 

32 

141 3 

133 6 

36 

160 0 

160 8 

40 

172 8 

164 3 

44 

178 6 

161 0 

48 

190 0 

168 6 

52 

199 2 

181 1 

66 

206 I 

191 3 

60 

216 0 

196 7 

64 

217 0 

197 8 

1 


Experiment S The Value for Growth and Maintenance of Oats Alone or with 
Sodium Bicarbonate 

Rats 29, 30, and 31 received oats alone and Rats 32, 33, and 34 oats with 
1 per cent sodium bicarbonate All the animals showed practically no 
growth and died The addition of the alkn.li hnn a distmot deleterious 
effect (Fig 1) 


fully aware, has been already emphasised m one of our pubhcations 
(Funk and Macallum, Z physiol Chem , 1914, xoii, 13) Still it also re- 
mains a fact that as a result of an mquiry into conditions existmg m poul- 
try farms, we are usmg now a mixture of chicken food, cabbage, and char- 
coal, the water being entirely replaced by milk, thereby succeeding m 
drminishmg the mortahty to a very great extent, in spite of the fact that 
the birds are kept m small cages With this improvement we have ob- 
tained new data confirming our previous statements on the effect of un- 
polished nee in arrestmg the growth of young chickens. 
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Dietary Conditions in Growth 



Rats 21, 22, 23, and 24 
0-3 days, germinated 
oats 

3-18 da 3 rB, addition of 
white bread 

From the 18th day. 
Diet 1 

Rata 26, 20, 27, and 28 
0-3 da 3 ^, plam oats 
3-18 days, addition of 
white bread 

From the 18th day, 
Diet 2 

Diet 1 

Diet 3 


#m 

0m 

Casein 

22 

22 

Sugar 

10 

10 

Starch 

23 

28 

Lard 

30 

30 

Agar 

2 

2 

Salts 

3 

3 

Germinated oats 

10 


Plain oats 


5 


Deyj. 

1 

1 Wd«ht (gm.) 

Weleht (ffm.) 

SI 

n 

3S 

34 

3£ 

SO 

27 

2S 

0 

39 6 

68 0 

44 6 

33 1 

40 3 

36 6 

36 9 

51 0 

4 

41 3 

64 0 

48 6 

37 3 

46 1 

40 2 

39 7 

63 6 

8 

42 0 

61 0 

48 2 

36 8 

44 4 

39 8 

42 2 ' 

64 8 

12 

39 6 

62 2 

46 8 

34 2 

44 8 

38 8 

41 4 

64 6 

16 

39 4 

69 0 

49 6 

36 0 

46 0 

40 6 

46 3 

64 9 

20 

31 7 

66 2 

46 6 

33 1 

48 0 

39 6 

62 3 

56 3 

24 

31 7 

66 2 

46 6 

33 1 

61 9 

41 2 

63 6 

64 3 

28 



33 4 


64 3 

37 0 

63 2 

63 8 

32 



37 6 


64 3 

40 4 

44 0 

51 8 

36 



37 0 


61 4 

60 2 


50 0 

40 





66 6 

64 4 


66 1 

44 





70 2 

68 0 


66 0 

48 





72 0 

61 0 


56 8 

62 





72 8 

62 2 


61 5 

66 





66 0 

65 6 



60 





66 6 

64 8 




Experiment B The Effect of an Addition of Milk to an Artificial Diet 

The anrmals received the usual artificial diet and m addition to that 
at the beginning of the expenment 1 cc , later 2 oc of milk each The 
grcm th of the animals was decidedly slower than on autolysed yeast The 
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table beloTV and the curves for Rats 36 (male) and 38 (female) are repre- 
sented m Fig 4 



ffm 

Casein 

22 

Sugar 

10 

Starch 

33 

Lard 

30 

Agar 

2 

Salta 

3 

0-20 dajs 1 cc of milk 


20-66 “ 2 " “ “ 



Days. 

35 tiftla. 

Ww^ht, 

38 Female 
Weight. 

Food intake. 


ffm 

ffm 

ffm 

0 

33 7 

36 6 


4 

39 6 

41 4 

8 5 

8 

44 1 

46 6 

7 6 

12 

49 4 

47 4 

8 7 

16 

53 2 

47 7 

6 3 

20 

63 7 

46 3 

6 2 

24 

52 0 

44 8 

6 9 

28 

62 6 

45 6 

5 6 

32 

61 5 

44 7 

5 6 

36 

69 7 

47 8 

6 6 

40 

64 8 

47 2 

7 6 

44 

64 0 

48 0 

6 1 

48 

63 9 

48 7 

5 2 

52 

63 3 

61 4 

4 4 

66 

66 0 

62 6 

3 6 


Experiment 8 The Value of Yeast as Protein Supplier 

Casein m our artificial diet eras substituted by the same quantity of 
nitrogen m form of yeast One male (37) and one female (38) are recorded 
m this experiment Rat 37 died mth edema after 44 days As the food 
intake came gradually down yeast cannot be regarded as a good substitute 
for protem There is even a slight mdication of a tone action Rat 
38 which survived 52 days of this experiment has shown an inhibited growth 


in the last period (Fig 3) 

om 


ffm. 

Yeast 

36 

Lard 

30 

Sugar 

10 

Agar 

2 

Starch 

20 

Salts 

2 
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Dietary Conditions in Growth 



Fig 2. 
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Dietaxy Conditions in Growth 


DayB. 

Weitfht 

Food intake 

ST Mule. j 

as. Female ^ 


ffTtU 

ffm 

ffm 

0 

\ 33 3 

39 0 


4 

46 4 

52 3 

9 1 

8 

46 7 

66 4 

9 8 

12 

60 3 

70 1 

10 8 

16 

66 3 

79 2 

10 6 

20 

61 8 

86 0 

12 4 

24 

60 1 

89 2 

11 4 

28 

68 7 

92 2 

10 1 

32 

68 0 

97 4 

10 6 

36 

64 0 

99 1 

10 7 

40 

65 0 

102 0 

10 5 

44 

61 1 

103 8 

9 8 

48 


107 6 

6 7 

62 

1 

108 4 

6 6 


Expenment 7 Action of Orange Juice on Oroioth 


Rats 63 and 64, males (Fig 4), were kept on an artificial diet m whioh 
the yeast was replaced by orange jmoe with the result that growth was 
completely arrested The animals died after 6 weeks 



ffm 


ffm 

Casern 

22 

Agar 

2 

Sugar 

10 

Salts 

3 

Starch 

23 

Orange jmce 

10 

Lard 

30 




' Weight 


Days, 



Foodlatakfie 


53 

54. 


ffm 

ffTTU 

ffm 

0 

28 6 

30 0 


4 

36 0 

36 6 

6 6 

8 

36 0 

38 6 

6 7 

12 

37 6 

38 6 

6 1 

16 

36 6 

37 6 

6 6 

20 

37 6 

39 0 

6 3 

24 

38 6 

40 0 

4 9 

28 

35 0 

86 0 

4 6 

32 

36 0 

34 0 

4 4 

36 

31 6 1 


3 0 
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Experiment 8 The Value of Lloyd's Reagent as Precipitating Agent for 
the Growth-Promoting Substance in Yeast 

The precipitation with this reagent was made according to the method 
used by Seidell The quantity of the precipitate and the filtrate added 
to the diet oorre^onded to 10 co of autolyzed yeast which gave good re- 
snlte in our hands Rats 39 (female) and 40 (male) were kept on the pre- 
cipitate for 44 days and Rats 41 (male) and 42 (female) (Fig 3) for the same 
time on the filtrate The animals kept on Lloyd’s reagent grew de- 
cidedly better than those on the filtrate, but the separation of the growth- 
promotmg substance was mcomplete Autolyred yeast has lost, appar- 
ently, most of its antiscorbutic properties bv this process 



Wet 1 

Diet 3 


pn 

ffm. 

Caaem 

22 

22 

Sugar 

10 

10 

Starch 

24 

24 

Lard 

30 

30 

Agar 

2 

2 

Salta 

2 

2 

Lloyd’s precipitate made up to 

10 co 


Lloyd’s filtrate 


10 CO 


Rats 39 and 40, Diet 2 Rats 41 and 42, Diet 1 


Day*. 

Wdcht. 

Pood 

Intalce. 

Welch t. 

Food 

intake. 


39 Pemttle 

to Mile. 

41 Male. 

43 Female. 


pn 

pn 

pTU 

pn. 

pn 

pn 

0 

44 9 

37 0 


39 1 

43 4 


4 

62 8 

45 4 

9 8 

49 6 

64 0 

11 2 

8 

64 1 

48 0 

7 5 

66 8 

43 7 

8 6 

12 

61 6 

46 7 

6 8 

69 7 

61 7 

7 9 

16 

61 6 

47 7 

7 0 

60 6 

67 4 

8 9 

20 

61 9 

46 9 

6 0 

61 6 

68 0 

8 8 

24 

61 6 

47 9 

6 6 

66 6 

63 2 

6 3 

28 

63 6 

49 4 

6 2 

70 2 

69 1 

9 6 

32 

65 0 

52 5 

6 6 

70 0 

69 0 

9 6 

36 

58 8 

62 9 

6 2 

76 0 

72 7 

7 6 

40 

60 0 

65 2 

6 6 

77 8 

76 0 

9 3 

44 

61 0 

66 3 

6 1 

78 5 

81 2 

7 9 
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COTTONSEED MEAL AS AN INCOMPLETE FOOD 

Bt C A. WELLS AND P V EWING 
{Ftotti the Georgia Experiment Station, Experiment ) 

(Received for publication, July 11, 1916 ) 

Within the past few years it has been well estabhshed that cer- 
tain injuries to animals, such as beri-ben, result from deficient 
diets Thus, purified proteins, carbohydrates, fats, and mineral 
matter, combmed m any proportion, do not produce normal 
growth A ration made up of whole wheat, or of certam other 
cereals, wiU produce mjury through lack of essential food sub- 
stances A diet IB mcomplete if it does not contam an adequate 
amount of these as yet umdentified accessory substances as well 
as requisite morgamc salts 

Rommel and Vedder (7) recently advanced the hypothesis, 
supported by preliminary experiments, that cottonseed meal 
mjury is ffimTIar to, if not mdeed identical with beri-ben m 
man Our own experiments (8) had mdicated that m feed- 
ing cottonseed meal to pigs to ascertam the mjury said to result 
from this it IS necessary to balance the ration, not so much 
as to the nutritive ratio, determmed by the amounts of fats, 
carbohydrates, and protem present, but rather as to the so called 
accessory food factors It is the purpose of the present paper 
to relate our later experiments bearmg upon this phase of the 
cottonseed meal mjury question 

EXPEHmENTAi 

Equipment — Mated Duroc-Jersey pigs were used These were 
6 weeks old and weighed usually about 6 to 10 kg each at 
the beginning of the experiment They were kept m pens or 
metabolism cages and fed under conditions previously described 
m detail (8) We used the pig because it is said to be more sus- 
ceptible to cottonseed meal mjury than are other animals, thus 
m a kin g it easier, presumably, to measure the mjury, and when 

15 
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STTMMAET 

By an addition of milk or yeast to the normal diet the growth 
of rats can be accelerated Oats m dry state or subjected to 
germination proved to be an inadequate diet for young rats 
Yeast cannot substitute the casern m the diet and this very 
hkely because of its toxic properties Young rats grow less 
when milk instead of yeast is used m the diet and they do not 
grow at aU on orange juice as addition Usmg Lloyd’s reagent 
for precipitation of the growth-promotmg substance from auto- 
lyzed yeast, it was found that by this process the separation seems 
to be not complete, furthermore, the yeast loses some of its ongi- 
nal value as a stimulant to growth 
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were made The results are siunmarized in Tables 11, III, and 
IV 


TABLE n 

Senes 1 Effects of Large Quantities of Cottonseed Meal, Digester Tankage, 
and Gluten Flour in a Limited Basal Diet Daily Averages in Penods 




Feed 

CottOD- 

Addi- 

Dry 1 

matter I 

1 

Du»»t- 

Net 

1 Injury 


Data. 

Weight. 

COD- 

aced 

tionnl 

Ible 

energy 

De&tb 


sTuned 

meal 

water 

protein 

value. 




Pig 1 Diet Cottonseed meal 25 gm , starch 6, sugar 2 3, s kimm ed milk 
6 cc , per kg bve -weight dailj 



we 


ffm 

ffTfl 

ce 

ffm 

gm 

them* 



July 

1-10 

10 0 

383 

260 

1,223 

305 

101 

0 64 

— 

— 

U 

10-20 


206 


1,088 

248 

82 

0 62 


— 

tt 

20-30 

10 0 

223 

163 


200 

66 

0 42 

+ 

— 

Aug 

1-10 

10 0 

201 

151 

1,138 

184 

61 

0 38 

+ 

— 

tt 

10-18 

10 0 

148 

104 


127 

42 

0 27 




Pig 2 Diet As for Pig 1, with 1 5 gm gluten flour instead of 6 cc skimmed 

milk 


July 

1-10 

10 0 

383 


1,137 

314 

99 

0 66 


... 


10-20 


369 

245 

1,134 

308 

97 

0 64 

+ 


tt 

20-30 


333 

221 

1,116 

278 

87 


+ 

— 

Aug 

1-10 

11 0 

276 

190 

868 

236 

75 


+ 

— 

<€ 

10-16 


120 

83 

610 

104 

32 


+ 

+ 


Pig 3 Diet As for Pig 1, with 2 6 gm digester tankage instead of 6 oc. 

skimmed milk 


July 

1-10 

10 0 

383 

260 

1,110 

320 

102 






tt 

10-20 

lil 

421 

266 

1,310 

339 

108 

Ed 

-f 

— 


20-30 

I Xl 

311 

186 

964 

238 

76 

0 50 

+ 

— 

Aug 

1- 8 

ill 

224 

146 

738 

185 

69 

0 40 

+ 

+ 


Pig 4. Diet As for Pig 1, with 12 6 gm gluten flour instead of 26 gm 

cottonseed meal 


July 

1-10 

M 

258 


1,304 

1 

190 

92 

0 40 



It 

10-20 

Bh 

253 


1,030 

164 

76 

0 30 

+ 

_ 

ft 

20-30 


202 


865 

124 

60 

0 25 

+ 


Aug 

1-10 

10 0 ’ 

187 


1,202 

116 

56 

0 24 

+ 


tt 

10-18 

10 0 

129 


951 

79 

38 

0 17 

+ 

+ 


* Remo-ved at close of last period after complete injury, to pre-eent death 
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results are obtained with it there is not the further imphed neces- 
sity of comparative studies as is always the case where rabbits 
and similar ammals are used It is inexpensive, and lends itself 
satisfactorily to metabolism trials in cages 
Feeds — The feedstuffs were obtamed, analyzed, and kept in 
dry storage throughout the mvestigation From the analyses of 
them, and from the energy values of feeds as given by Armsby 
and others, the dry matter, digestible protem, and net energy 
values were calculated on the basis of the feed consumed The 
cottonseed meal was of a good grade havmg a bright yellow 
color and a sweet odor The digester tankage was a commer- 
cial grade, and the gluten was a good grade of Hoyt’s gluten 
flour The whole milk was obtamed from a Jersey herd and 
modified by muang two parts of whole milk with one part of 
skimmed milk Preliminary feedmg trmls were made m each 
case with a mixture of com meal 62, wheat middlmgs 30, and 
digester tankage 8 parts 


TABLE I 


Dry Matter and Digestible Protein, and Net Energy Values in Therms in 
too Gm of Air-Dned Substance 


Sabstanofl 

Total djy 
matter 

Nitrocem 

Dltw tibia 
protein 

Net energy 
value 


J7m 

dm 

(nn 


Com meal 

89 1 


84 

0 180 

Wheat middlings 

84 0 


12 8 

0 171 

Digester tankage 

92 7 

8 46 

47 1 

0 161* 

Cottonseed meal 

91 6 

1 6 66 

65 6 

0 186 

Starch 

87 3 

1 


0 223 

Sugar 

100 0 

1 


0 256* 

Skimmed milk 

9 9 

0 50 

3 6 

0 019 

Whole (diluted) milk 

8 7 

0 48 

3 4 

0 024 

Gluten flour 

91 3 

12 03 

63 8 

0 180 


* Energy values calculated 


In Senes 1 a study was made of the comparative effects of 
large quantities of cottonseed meal, digester tankage, and gluten 
flour m a limited basal ration, and similarly m Senes 2, usmg cot- 
tonseed meal and gluten flour m a basal ration mcreased to 
absolute maintenance In the latter series metabolism trials 
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TABLE U—Concltided 


Date 1 

Weight 

Feed 
con- 1 

Cotton- 

seed 

Addi 
ttonal I 

Dry 

matter 


Net 

energy 

Ininry 1 

Death. 

1 

earned ; 

meal 

Walter 1 

jprotein | 

value. 

1 



Pig 6 Diet As for Pig 1, with 18 5 gm digester tankage instead of 26 gm 

cottonseed meal 


1915 

kg 

gm 

gnu 

cc. 

gnu 

gnu 

<&enTU 



July 1-20 

10 0 

268 


1,262 

246 

87 

0 47 

- 

- 

“ 20- 


1 








Aug 10 

12 0 

294 


1,060 

267 

94 

0 56 

-h 

- 

Aug 10-30 

13 0 

232 


986 

210 

74 

0 46 

+ 

- 

“ 31- 










Sept 20 

13 0 

235 


983 

212 

76 

0 46 

+ 

- 

Sept 20- 










Oct 9 

13 0 

2ll 


1,114 

192 

69 

0 42 

+ 

— 

Oct 9-23 

10 0 

68 


389 

53 

19 

0 12 


-t- 


DISCUSSION 

It IS evident that submamtenance and failure to grow were not 
due to lack of supply of carbohydrates, fats, protein, and mineral 
matter The diets were deficient m some other essential way, 
BO that the value of a diet is not to be measured solely by the 
amoimt of protem and net energy it contains 

The lethal period was longer than that previously reported 
by us (8) This was due, no doubt, to the presence here of ad- 
ditional substances m the diet, such as the small quantity of 
milk Dmwiddie (1) found much the same thmg m that wheat 
bran seemed to lessen the mjury from cottonseed meal, and the 
reports of others show that ammals do not suffer so much from 
cottonseed meal if given a variety of food or access to pasture 
Apparently the digester tankage was a more complete food 
than cottonseed meal or gluten flour It must have 3 nelded, 
relatively, a larger proportion of the less abundant valuable 
food factors, such as tryptophane Or, m the case of Pigs 1, 2, 
and 3, the diets may have contamed a toxic substance 
The injury was not acute Through physical appearances 
and the metabohc characteristics it was manifested long before 
death This is not m agreement with the observations of many 
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The metabohsm trials confirm the results formerly reported (8) 
to the effect that on such diets the pig is unable to deflect mtrogen 
from urea to form ammonia to neutralize any excess acids pres- 
ent The low utilization of mtrogen m diets highly efficient 
for growth and its high utilization m diets mefficient for growth 
may be explamed on the basis that the animals when on restricted 
diets utilized the mtrogen to the greatest possible extent m an 
effort to obtam those particular substances much needed yet 
present to a limited extent m the diet This explanation, of 
course, is not m keeping with the commonly accepted view that 
the character of a ration does not affect the degree of utilization 
of any food constituent Yet it should be borne m mind that 
Mendel and Fme (4, 5, 6) have shown that the proteins of com, 
wheat, and meat are utilized m carmvora to approximate^ the 
same extent, namely, ± 93 per cent One would expect, there- 
fore, upon Tnixing these substances together, as was essentially 
the case m our prehminary and recuperative diets, to obtam an 
equivalent utilization of the mtrogen But this did not happen. 
The mtrogen was utilized to approximately 76 per cent, which 
IS about the figure given m the hterature for this food mixture. 
Constant watch was kept to see that the pigs did not eat the 
feces, and from the results m Table W it is evident that m the 
restricted diets anabohsm was at its maximum, while m the case of 
the normal preliminary and recuperative diets much of the mtro- 
gen went to waste When on a bountiful diet, the animal ap- 
parently selected with ease those substances demanded by the 
specifically established physiological processes of the body, mclud- 
mg mtrogen, lettmg much go to waste through the feces, but 
when the diet was restricted, the tendency was to mcrease the 
mtrogen utilization beyond that required by the body m an effort 
to obtam the other necessary substances A reference to our 
related work on the associative action of foods with steers (2) 
where cottonseed meal was fed alone as a restricted diet, and with 
corn silage making a fairly nor mal diet, shows this same mcreased 
utilization of mtrogen on the restricted diet The results, of 
course, are based upon limited data and are mdicatave rather 
than conclusive 
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other investigators We are inclined to beheve, however, that 
in the reported cases of acute cottonseed meal mjury, careful 
periodic measurements would have disclosed the injury before 
death This is important, for if well nourished animals die of 
the mjury as often claimed, the same cannot be due to a deficient 
diet and mamtion, but must be due to a toxic effect 

The mgestion of smaller quantities of mtrogenous foods as 
the mjury advanced, and the retardmg effect of additional mtrog- 
enous foods, indicate that excess of mtrogen did not cause the 
mjury When upon an assured mamtenance diet the sugar, 
starch, and other foods did not produce mjury And smce the 
pigs, upon full mamtenance, would not eat much cottonseed 
meal, it was necessary to feed the basal diet separately that 
it might all be eaten 

Postmortem examinations were made m all cases, but the re- 
sults are omitted here, because, as shown m detail m a previous 
pubhcation (8), they varied so widely as to have httle mtef- 
pretive value Among those characteristics which were found 
most constant may be mentioned a rough coat, dry, harsh, 
and scaly skin, weakness and emaciation as shown by physical 
appearance and entire absence of fat from kidneys and mesen- 
tery, and bones usually though not always brittle 

From results m Series 2 it appears that injury was not prevented 
by that amoimt of milk which Hopkins (3) found sufficient for 
protection of rats receiving a deficient diet Even Dietrich’s 
mamtenance allowance for pigs was inadequate here But 
absolute maintenance was assured when the milk was increased 
to 70 cc per kg live weight daily 

The death of Pig 10 was due probably to a tumoi-hke internal 
mjury revealed by postmortem examination In aU other cases 
death resulted m part from lack of sustenance It should be 
noted, however, that Pig 9 died 4 days after its mamtenance was 
made absolute by the addition of milk The fact that it did not 
respond, as did Pigs 6, 7, and 8, to this mcreased milk allowance, 
leaves the possibihty to be reckoned with that the cottonseed 
meal contamed a specific injurious effect apart from its lack of 
essential food factors 
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6 Mendel and Fine 1912 Studies m nutntion VI Utilization of the 

proteins of extractive-free meat powder, and the origin of fecal mtro- 
gen, J Biol Chem , xi, 6 

7 Rommel, G M , and Vedder, B B 1915 Benben and cottonseed 

meal poisoning m pigs, J Agnc Research, v, 489 

8 Wells, C A , and Ewing, P V 1916 Acidosis and cottonseed meal 

mjury, Georgia Agnc Exp Stalion Bull 119 
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The decrease m creatinine in the urme when the pigs were 
changed from the normal to the experimental diets was not as- 
sociated with the possibihty of preformed creatuune m the 
digester tankage fraction, as shown by separate trials not re- 
corded here The creatuune decrease mdicated a condition of 
inamtion and impaired muscular activity The creatinine not 
eliminated was utilized, perhaps, as food, for which there was an 
increased demand m the one-aided diets Throughout it is evident 
that inamtion played an important part m the injury 

The results show that m studies of so called cottonseed meal 
mjury with pigs it is necessary to elumnate the mterference of 
inamtion by feedmg a basal diet which contains those substances 
requisite for normal growth m addition to the dry matter, di- 
gestible protem, and net energy usually considered The diet 
must contain milk or some combmation of other foods of known 
growth-producmg value 


CONCLUSIONS 

1 Cottonseed meal is an mcomplete food This is true even 
when it 18 fed with sugar and starch to a wide nutritive ratio 

2 Pigs upon an absolute mamtenance diet ate m addition 
only small quantities of cottonseed meal and were not greatly 
injured by it 

3 So called cottonseed meal injury is due m large part to 
madequate diets 
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THE PHYSIOLOGICAL RELATION OF PLANT CAROTI- 
NOIDS TO THE CAROTINOrDS OF THE COW, 
HORSE, SHEEP, GOAT, PIG, AND HEN 

By LEROY S PALMER. 

(From the Dairy Chemistry Laboratory, University of Missouri, Columbia ) 
(Received for publication, July 2i, 1916 ) 

It has been shown by the author^ that the natural yellow pig- 
ments which characterize the milk fat and tissue fat of the cow, 
the milk fat of the human, and the egg yolk and tissue fat of 
the hen, owe their origm to the carotm and xanthophyll pig- 
ments present m the food These natural plant pigments, which 
are collectively known as carotmoids, appear to be transferred 
m some simple fashion by the blood serum from the digestive 
tract to the fat-fonmng organs where they became mcorporated 
with the synthesized fat Just bow this is brought about is 
at present obscure The author has shown conclusively, how- 
ever, that the presence of pigment m deposited tissue fat, or m 
the egg yolk, or m the milk fat depends exclusively upon the 
presence of the same pigment m the blood serum For example, 
when cows were fed rations nearly devoid of carotmoids, these 
pigments practically disappeared from the blood serum, and the 
milk fat became almost colorless Similarly, when laymg hens 
were fed rations nearly devoid of carotmoids the blood serum, 
as well as the egg yolks, showed almost complete absence of these 
pigments 

Probably the most mterestmg result of the study of the yellow 
pigments which characterize animal fat has been the demon- 
stration of the fact that the yellow pigments which are resorbed 
from the digestive tract of the cow consist almost exclusively 
of carotm, very small portions of the xanthophyll group of pig- 
ments bemg present The pigment which characterizes the 

1 Palmer, L S , and Eckles, C H , J Biol Chem , 1914, xvii, 191 
Palmer, L S , t&id , 1915, xnii 261 
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THE PHYSIOLOGICAL RELATION OF PLANT CAROTl 
NOmS TO THE CAROTINOIDS OF THE COW, 
HORSE, SHEEP, GOAT, PIG, AND HEN 

Br LEROY S PALMER 

{From the Dairy Chemistry Laboratory, University of Missouri, Columbia 
(Received for publication, July 34, 1916 ) 

It has been shown by the author’ that the natural yellow pig 
ments which characterize the milV fat and tissue fat of the coiv 
the milk fat of the human, and the egg yolk and tissue fat o 
the hen, owe their origm to the carotin and xanthophyll pig 
ments present m the food These natural plant pigments, whic 
are collectively known as carotmoids, appear to be transferre 
in some simple fashion by the blood serum from the digestiv 
tract to the fat-formmg organs where they became mcorporate 
With the synthesized fat Just how this is brought about i 
at present obscure The author has shown conclusively, how 
ever, that the presence of pigment m deposited tissue fat, or n 
the egg yolk, or m the milk fat depends exclusively upon thi 
presence of the same pigment m the blood serum For example 
when cows were fed rations nearly devoid of carotmoids, thes 
pigments practically disappeared from the blood serum, and th 
nulk fat became almost colorless Similarly, when la5rmg hen 
were fed rations nearly devoid of carotmoids the blood sermr 
as Well as the egg yolks, showed almost complete absence of thes 
pigments 

Probably the most mterestmg result of the study of the yeUoi 
pigments which characterize animal fat has been the demor 
stration of the fact that the yellow pigments which are resorbe^ 
from the digestive tract of the cow consist almost exclusivel 
of carotm, very small portions of the xanthophyll group of pif 
ments bemg present The pigment which characterizes th 

‘ Palmer, L S , and Eekles, C H , / Biol Chem , 1914, xvu, 19. 
Palmer, L S , ibid , 1915, xxui 261 
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egg yolk and tissue fat of the hen, on the other hand, consists 
almost exclusively of xanthophyll, relatively httle carotm being 
resorbed The pigments of human milk fat, m the case of one 
woman studied by the author, appear to consist of much more 
nearly equal parts of the two classes of carotmoids 
Another mterestmg fact developed with reference to the man- 
ner m which the blood serum of the cow and hen carries the pig- 
ment characteristic of the species In the case of the cow the 
carotm of the blood serum is m some sort of physical or chemical 
combmation with albumm This compound, which the author 
has called caroto-albumin, is easily isolated from fresh serum 
It IS readily soluble m water, while carotm itself is soluble only 
m the fat solvents In the case of the hen serum, however, no 
such combmation appears to exist between xanthophyll and 
protem, the pigment bemg readily extracted from the serum with 
ether, which is m marked contrast to the complete failure of 
pure ether to extract any carotm from the fresh blood serum of 
the cow 


CaroUnoids. in Other Species of Animals 

The presence of carotm m the cow and xanthophyll m the 
hen, m each case to the relative exclusion of the other members 
of the carotmoid group, raised the question of what pigments 
characterise the tissue fat and blood serum of animals of other 
species The author has recently had an opportimity to mvesti- 
gate this question m the case of the horse, pig, sheep, and goat 
It IS the purpose of this paper to set forth briefly the results of 
that study 

Carotmoids in Swine — Considerable mterest wap attached 
to the study m the case of the swme, and also m the case of the 
sheep, reported below, on account of the fact that the tissue fat 
of each of these species is characteristically colorless The ques- 
tion mvolved was whether this would be found to be due to dif- 
ferences between these species and the cow and hen at the seat 
of the fat synthesis, or to the failure of the carotmoids to be re- 
sorbed from the digestive tract 

Blood was secured from three pure-bred swme, representmg 
the Duroc-Jersey, Poland Chma, and Berkshire breeds For 
several weeks before they were slaughtered the animals had run 
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on pasture containing an abundance of fresh blue-grass The 
conditions were thus most favorable for the largest transfer of 
carotinoids mto the blood stream The blood from each of the 
animals was defibrmated at once, and the plasma centnfugahzed 
The serum was tested for the presence of carotm and xanthophyll 
by several methods The reader is referred to the previous work 
by the author* for a description of these methods Desiccation 
of the serum with plaster of Pans and extraction with petroleum 
ether and ether after moistening with absolute alcohol is the easiest 
and most rehable method for extractmg the carotmoids from 
blood serum. 

The results m the case of each of the three pigs were absolutely 
negative Not a trace of either carotm or xanthophyll was pres- 
ent m the blood serum 

Carotmoids tn Sheep — ^Blood was secured from five pure- 
bred ewes, representmg the followmg breeds Dorset, Hamp- 
shire, Mermo, Shropshire, and Southdown Each of the ewes 
was m milk with the exception of the Hampshire The animals 
received an abundance of fresh blue-grass pasture for several 
weeks before they were bled The blood was secured from the 
jugular vem by means of a trocar, about 150 cc bemg obtamed 
from each animal The four ewes m milk were milked at the 
same time the blood was drawn, the milk from the Dorset and 
Southdown ewes bemg combmed, as was also that from the 
Mermo and Shropshire ewes 

The blood from each animal was defibrmated, the plasma cen- 
tnfugahzed, and the serum exammed for the presence of caroti- 
noids The extracts from 10 cc portions of the serum failed to 
reveal any pigment whatever, but the combined extracts from 
about 150 cc of serum, when concentrated to a volume of 5 to 10 
cc showed a pale yellow color, which was completely extracted 
from 85 per cent alcohol by both petroleum ether and carbon di- 
sulfide, mdicatmg that the pigment was carotm The merest 
traces of pigment thus appeared to be present m the blood of the 
five sheep exammed 

The milk obtamed from the ewes was churned, without sepa- 
ratmg, on account of the small amount obtamed The butter 
m each case was "dead" white in color, but when rendered it 

’ Palmer and Ecklea, J Biol Chrm , 1914 xvii, 223-236 
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had a faint greenish tint which may have been due to the presence 
of carotm Not enough butter fat was secured to mvestigate 
this pomt further 

CarotiTwtds in the Goat — ^Blood was secured from a she-goat of 
the Angora breed while receivmg an abundance of fresh green feed 
The goat was dry at the time, so that no milk was obtamed 

The study of the blood serum mdicated the possible presence 
of famt traces of carotm The extract of 10 cc of serum would 
have been judged colorless, however, had it not been compared 
carefully with a similar amount of fresh petroleum ether 

The study of the yellow pigmentation m the case of the goat 
was of special mterest owmg to the mvestigation of the trans- 
ference of pigments mto milk by Dombrowsky,* who fed a goat 
on carrots and observed whether the carotm passed mto the 
milk Two feedmg trials 2 weeks apart resulted m the obser- 
vation by Dombrowsky that the milk was yellowish on the even- 
mg of the 2nd day of the first feedmg trial and was clearly yel- 
lowish on the 3rd and 4th days of the second trial An attempt 
to show that the color was due to carotm resulted m failure in 
each case The test used was the apphcation of the well known 
color reaction of carotm with concentrated £[5804, to the residue 
from an ether extract of the milk If considerable carotm was 
present, which the author doubts, the test used by Dombrowsky 
would have been vitiated by the fat present m the extract, smce 
no attempt was made to ehmmate it It is unfortunate that 
Dombrowsky faded to observe whether the fat m the milk showed 
an mcreased color accompanying the carrot feedmg A state- 
ment of the breed of the goat used would also have enhanced 
the value of his results 

Carotinoids in the Horse — Blood serum was secured m the 
usual way from a horse which had been running on fresh blue- 
grass pasture for several weeks The serum was found to be 
rich in carotm No xanthophyll was found to be present The 
manner m which the horse serum carries the carotm was found 
to be identical with that of the cow The isolation of the water- 
soluble caroto-albumm from 100 cc of serum was carried out 
with the greatest ease The method used may be of mterest 
to the reader and will be described briefly 

* Dombrowsky, Arch Hyg , 1904, 1, 183 
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100 cc of the fresh serum were diluted with an equal volume 
of water and treated with 200 cc of saturated (NBU)iS 04 solution 
After standmg 1 hour the globulm was filtered off on a Buchner, 
using suction The deep yellow filtrate was heated carefully 
m a water bath to 79°C The heavy coagulum which formed 
was filtered off on a Buchner, usmg suction The golden yellow 
filtrate was treated with (NH 4 )iS 04 m substance imtil precipita- 
tion of the pigmented protem occurred This was filtered off, 
usmg suction, which was contmued until the precipitate on the 
funnel was free from visible moisture It had a dark yellowish 
brown appearance It dissolved readily m 50 cc of warm water, 
givmg a deep yellow solution It was not possible to extract the 
carotm from this solution until the pigment was first freed from 
the protem with alcohol 

The amount of carotm earned by a imit volume of horse serum 
was found to be considerably less than that carried by the serum 
of the cow Where 5 cc of horse serum gave an extract givmg 
a readmg of 3 75 umts of yellow and 0 4 umts of red in the Lovi- 
bond tmtometer in a 1 mch layer and 12 5 cc volume, a similar 
amount of cow serum imder like conditions gave an extract m 
former studies showmg as high as 27 0 umts of yellow and 0 9 
umts of red 

No opportumty was offered to mvestigate the yellow pigment 
which characterizes the tissue fat of the horse, but it may with 
safety be assumed to be carotm m view of the results of the 
studies made by the author with the cow and hen 

CONCnOSIONS 

A defimte physiological relation exists m aU species of animals 
between the pigmentation of tissue fat with carotmoids and the 
presence of these pigments m the blood serum Species whose 
tissue fat IS colored with the carotmoids, which mclude the cow, 
horse, and hen, carry the pigments m the blood serum Species, 
the tissue fat of which is characterized by bemg colorless, mclud- 
mg swme, sheep, and goats, cany only insignificant traces of the 
carotmoids m the blood serum even under the most favorable 
conditions 

An abundance of carotm m the blood serum and m the tissue 
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had a faint greenish tint which may have been due to the presence 
of carotm Not enough butter fat was secured to mvestigate 
this pomt further 

Carottnoids in the Goat — Blood was secured from a she-goat of 
the Angora breed while receivmg an abundance of fresh green feed 
The goat was dry at the time, so that no milk was obtamed 

The study of the blood serum mdicated the possible presence 
of famt traces of carotm The extract of 10 cc of serum would 
have been judged colorless, however, had it not been compared 
carefully with a similar amount of fresh petroleum ether 

The study of the yeUow pigmentation m the case of the goat 
was of special mterest owmg to the mvestigation of the trans- 
ference of pigments mto milk by Dombrowsky,* who fed a goat 
on carrots and observed whether the carotm passed mto the 
milk Two feedmg tnals 2 weeks apart resulted m the obser- 
vation by Dombrowsky that the milk was yellowish on the even- 
mg of the 2nd day of the first feedmg trial and was clearly yel- 
lowish on the 3rd and 4th days of the second trial An attempt 
to show that the color was due to carotm resulted m failure m 
each case The test used was the apphcation of the well known 
color reaction of carotm with concentrated H1SO4, to the residue 
from an ether extract of the milk If considerable carotm was 
present, which the author doubts, the test used by Dombrowsky 
would have been vitiated by the fat present m the extract, smce 
no attempt was made to ehmmate it It is unfortunate that 
Dombrowsky faded to observe whether the fat m the milk showed 
an mcreased color accompanying the carrot feedmg A state- 
ment of the breed of the goat used would also have enhanced 
the value of his results 

Carottnoids in the Horse — ^Blood serum was secured m the 
usual way from a horse which had been runnmg on fresh blue- 
grass pasture for several weeks The serum was found to be 
nch in carotm No xanthophyll was found to be present The 
manner m which the horse serum carries the carotm was found 
to be identical with that of the cow The isolation of the water- 
soluble caroto-albumm from 100 cc of serum was earned out 
with the greatest ease The method used may be of mterest 
to the reader and will be described bnefly 

• Dombrowsky, Arch Hyg , 1904, 1, 183 



THE RELATION OF THE UNIDENTTFIED DIETARY 

FACTORS, THE FAT-SOLUBLE A, AND WATER- 
SOLUBIR B, OF THE DIET TO THE GROWTH- 
PROMOTING PROPERTIES OF MILK • 

Bt E V McCOLLUM, N SIMMONDS, and W PITZ 

(From the Laboratory of AgncuUucral Chemistry of the Wisconsin Experi- 
ment Station, Madison ) 

(Received for pubbcation, July 31, 1016 ) 

The results of nearly a thousand feeding experiments which 
we have conducted with our rat colony during the last few years 
all support the working hypothesis which we have explained 
and supported by experimental evidence m a number of pre- 
vious papers ‘ This assumes the necessity of two dietary 
essentials as yet umdentified m the diet for growth or prolonged 
mamtenance, viz , the fat-soluble A of butter fat and certam 
other foodstuffs, and the water-soluble B which we have supphed 
by means of extracts prepared with water or alcohol from several 
foodstuffs 

These substances, or possibly groups of substances, which 
are mdispensable from the diet durmg growth are of mterest m 
relation to their possible formation withm the maternal organism 
m connection with milk secretion Experimental inquiry has 
not yet revealed the degree of dependence of animals upon a 
supply of these two dietary factors after growth has been com- 
pleted The evidence available would seem to pomt to the neces- 
sity of at least one of them, the water-soluble B, throughout 
hfe, for extracts which contam it mduce rehef of polyneuntis, 
and this may have its mcidence at any tune durmg life The 

* Published with the permission of the Director of the Wisconsin Expieri- 
ment Station 

> McCollum, E V , and Davis, M , J Biol Chem , 1915, -can, 181, 231 
McCollum, E V , Simmonds, N , and Pitz, W ibid , 1918, xxv 105 
Hart, E B , Miller, W S , and McCollum, E V , ibid , 1916, xxv, 239 
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fflt js not a specific characteristic of the ruminants, as mdicated 
by the absence of carotm from the blood serum and tissue fat 
of sheep and goats and its presence m the horse The factors 
underlymg the difference between these species m this respect 
offer an mterestmg field for study, as do those factors which 
cause the relatively exclusive resorption of carotm m the case 
of the cow and horse, and xanthophyll in the case of the hen 
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B were added The results of feeding these rations to nursing 
mothers, as shown by their abOity to induce growth m them j'oung, 
are shown m Charts 3 to 6 For comparison we mclude also 
the records of rats fed a ration durmg the lactation which con- 
tamed both the umdentified A and B but lacked protem 

DISCUSSION OF EESULTS 

The observation of Decaisne,- durmg the siege of Pans, that 
even durmg fastmg or partial fastmg vigorous young women 
were able to keep up a flow of milk sufficient to mduce some growth 
m them infants, is m harmony with unpublished data obtained 
by Professor Hart of this laboratory His data show that cows 
tend to keep up the flow of mdk when the character of the diet 
IS such as to mduce a decided negative mtrogen balance, and that 
the product closely approximates the normal composition with 
respect to the constituents usually determmed m analysis This 
supports the view that the failure of the young to grow m cer- 
tam of these experiments was not due to a depression of the milk 
supply, but to the production of milk which was not adequate 
for the promotion of growth on account of its deficiency m one 
or both of the unidentified factors we are considermg 

It seems necessary to conclude that these two constituents 
of the diet pass mto the milk only as they are present m the diet 
of the mother, and that milks may vary m then growth-pro- 
motmg power when the diets of the lactatmg nmmnlH differ 
widely m their satisfactormess for the growth of young 

It seems further justifiable to conclude that the chemical 
natures of the fat-soluble A and the water-soluble B, whether 
these represent m each case a smgle substance or a group of 
substances, are of such a character that they cannot be formed 
withm the animal body from any of the cleavage products of 
protems 


• Decaisne, E , Gaz m(d Pans, 1871, 317 
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failure of rats to remain in a state of health on diets lacking 
the fat-soluble A we have pomted out m the papers cited 

The possibihty still remams that the gonads, particularly 
m the female, or the mammary tissue, may be capable of pro- 
ducmg one or both of these two dietary factors for the preserva- 
tion of the young The prevalence of infantile ben-ben among 
children whose mothers’ diet is msufficient to prevent this dis- 
ease may be raised agamst this assumption The possibihty 
still remams, however, that the diet of these people, which is 
restncted as to source and vanety, and is of poor quahty, may 
be madequate with respect to the preventive substance itself 
and also as to its content of a possible precursor from which it 
might be formed through the peculiar property of a special or- 
gan m a manner analogous to the formation of the vanous hor- 
mones of mtemal ongm 

In order to test this pomt it seemed desirable to observe the 
abihty of normal female rats to suckle their young when confined 
to a diet which is known to be adequate for growth when satis- 
factory amounts of the umdentified A and B are added, and in- 
adequate for growth when either of these factors is omitted 
The paucity of such a diet m possible precursors is hardly to be 
expected and the results should enable us to decide whether 
these two essential substances pass mto the milk only when they 
are furnished m the diet 

Method of Procedure 

Female rats were fed a ration of natural foodstufifs until they 
dehvered their young When the birth of young was observed 
the htter was m all cases reduced to four, m order that the nutritive 
undertakmg for the mother m reanng them nught not be exces- 
sive Several senes of experiments were conducted m which 
the basal ration consisted of punfied casern, dextrm, morganic 
salts, and agar-agar It was adequate for growth except for 
the absence of the dietary factors A and B In a second senes 
the same ration plus butter fat (fat-soluble A) was employed 
In a third senes the water-soluble B only was added to the basal 
ration m the form of an alcohohc extract of wheat embryo, and 
in a fourth senes both the fat-soluble A and the water-soluble 
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The ration of this rat consisted of 


Casern 

10 0 

Composition of Salt Mixture 211 

Milk powder 

10 0 

NaCl 

0 520 

Wheat 

64 0 

CaHi (POiliHiO 

0 276 

Salt mixture (211) 

3 6 

Ca lactate 

1 971 

Dextnn 

7 4 

K citrate 

0 799 

Butter fat 

5 0 

Fe acetate 

0 100 


Chart 2, Lot 640, Period 1, illustrates the extent to which 
the mother can sacrifice her own tissues for the preservation of 
the young when her diet contains aU the essential factors except 
protem, and shows the rapid loss m weight of the mother and the 
slow growth of the young Upon the addition of 18 per cent 
of casern m Period 2 after 5 dasrs and 9 days respectively on the 
protem-free diet, they were able to mcrease perceptibly the 
rate of growth of the young and practically began to mamtam 
their own body weights 

The ration m Period 1 (Lot 640) consisted of 


Dextnn 

89 3 

Composition of Salt Mixture 185 

Salt mixture (185) 

3 7 

NaCl 

0 173 

Butter fat 

6 0 

MgS 04 (anhydrous) 

0 266 

Agar-agar 

2 0 

NaH,P0tH,O 

0 347 



K.HPO, 

0 954 



CaS4 (P04)3H,0 

0 540 



Ca lactate 

1 300 


The deitrm earned the alcohohe extract of 10 gm of wheat embryo 
In Penod 2, 18 per cent of casern replaced an equivalent amount of 
dextrin 
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Chart 1, Lot 503, illustrates the rate of gam of a htter of four 
young rats when the ration of the mother consisted of a highly 
satisfactory mixture of natural foodstuffs The mother was 
able to mcrease her weight while the young were gammg at a 
remarkable rate 

We have described elsewhere the growth and reproduction 
records of rats confined to this diet ’ 

• McCollum and Davis, J Biol Chem , 1916 xn 638 
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Chart 3, Lot 504, illustrates the degree to which the mother 
can mduce growth m the young when the diet contains an ade- 
quate amount of protein, carbohydrate, and morgamc salts 
Without the umdentified dietary factors, the fat-soluble A and 
water-soluble B m the food, the millc of the mother does not 
mduce growth m the young except as she sacrifices her own tissues 
for their preservation She is unable to do this beyond a hunted 
extent Composition of the ration. Lot 604 


Casern 

18 0 

Salt mixture (185) 

3 7 

Dextrm 

76 3 

Agar-agar 

2 0 


For the composition of Salt Mixture 185 see above 

Chart 4, Lot 606, shows Rats B and D which received a food 
mixture which lacked only an alcohohc extract of a natural food 
to supply the unknown dietary B The increase m the weight 
of the young was about the same as that seen when the mothers' 
diet lacked the protem factor Rat A kept her young grow- 
mg slowly dunng 16 days without the factor B m her diet, when 
growth ceased On changmg her to Ration 603 (Chart 1) which 
contamed both milk powder and wheat, the young began to 
grow very rapidly 

Rat C was not so vigorous an animal and mduced growth m 
her young only at the expense of decided loss of her own body 
tissue The addition of both the umdentified factors by the 
mclusion of butter fat and an alcohohc extract of wheat embryo 
did not improve the quahty of her milk to a very great degree, 
but checked the rate of declme of the mother When given Ration 
603 (Chart 1) containmg both the A and B m hberal amounts, 
together with better protems, the young began to grow on the 3rd 
day after the change Composition of the ration, Lot 606 


Casein 

18 0 

Dextnn 

71 3 

Salt mixture (185) 

3 7 

Butter fat 

5 0 

Agar-agar 

2 0 


For the composition of Salt Mixture 185, see above Penod 2, Rat A 
was given Ration 503 See Chart 1 Rat C The dextrin of her ration 
earned the alcoholic extract of 10 gm of wheat embryo Period 3, Rat 
C was given Ration 503 See Chart 1 



Lot 








es 
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In Chart 5, Lot 605 B, Penod 1, the ration of all three rats 
was the same, andlacked the fat-soluble A and denved the water- 
soluble B from the cold water extract of 50 gm of rolled oats 
for each 100 gm of ration In Period 2 the changes made m 
the rations of Eats A and B were as follows 
Eat A was changed to the alcohohc extract of 10 gm of wheat 
embryo per 100 gm of ration as a source of the dietary B, and 
butter fat was added to supply the A Her young did not grow 
at the maximum rate, but them growth was continuous and they 
were successfully weaned We are mchned to the behef that 
18 per cent of casern is hardly suflScient for the lactatmg rat and 
to attribute the somewhat slow growth to this cause 
In Period 2, Eat B was given butter fat and the cold water 
extract of rolled oats was mcreased so that each 100 gm of ration 
earned the extract of 160 gm of oats There was surpnsmgly 
httle benefit from these changes Cold water extract of rolled 
oats may not furnish the B, or as is more probable, the other 
extractives (salts, etc ) from so large an amount of oats may 
have had an unfavorable effect on the mother We did not 
mvestigate this matter further 
The ration employed (Lot 505 B) had the foUowmg composi- 
tion 


Casein 

18 0 

Dextrm 

76 3 

Salt mixture (185) 

3 7 

Agar-agar 

2 0 


The dextrin earned the cold water extract of 60 gm of rolled oats 
For the composition of Salt Mixture 185, see above 
Penod 2, Rat A. 6 per cent of butter fat was mtroduced in place of 
an equivalent amount of dextrm 

Rat B received the same ration as did Rat A, Penod 2, except that the 
water-soluble B was furnished by the cold water extract of 150 gm of 
rolled oats This extract was earned by the dextrm. 
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Chart 6, Lot 604 B, Rat A, shows fairly satisfactory growth 
in the young and practically maintenance of body weight of the 
mother on our basal ration to which both the fat-soluble A and 
water-soluble B were added at the begmmng of the nursmg 
penod The failure of the young m these two htters as well 
as those m Chart 5 , Rat A, to grow at the maximum rate is prob- 
ably to be attnbuted to the madequacy of 18 per cent of casern 
as a source of protem for the lactatmg rat 
Rat B, Lot 504 C, whose ration was similar to that of Rat 
A except that double the amount of alcohohc extract of wheat 
embryo was contamed m it, failed to promote the growth of her 
young any better because of the high content of the dietary 
factor B, mdicatmg that the extract of 10 gm of embryo which 
was contamed m other rations of this senes, supphed an adequate 
amount of this substance 
The ration (Lot 504 B) consisted of 


Casein 

18 0 

Dextnn 

71 3 

Salt mixture (185) 

3 7 

Butler fat 

5 0 

Agar-agar 

2 0 


The dextrin earned the alcohohc extract of 10 gm of wheat embryo 
For the composition of Salt Mixture 185, see above 
For Lot 504 C the ration was the same as that of 504 B except that the 
dextnn earned the alcohohc extract of 20 gm of wheat embryo 




THE rNFLTJENCE OF ETHER ANESTHESIA ON 
AMINO-ACIDS OF BLOOD SERUM 
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(From the Department of Pharmacology, Northwestern Unxversily Medical 

School, Chicago ) 

(Received for publication, August 7, 1916 ) 

The pharmacology of ether used as an anesthetic is the sub- 
ject of many conflictmg theories and statements The numerous 
phases of the subject still need mmute and extensive mvesti- 
gation before any clear conception of the action of this much 
used compound can be secured We have already made studies 
of the dextrose and diastase content of the blood as affected by 
ether anesthesia ‘ In this case the ammo-acid content of the 
blood serum has been the subject of mvestigation 

EXPEBIMENTAi WOBK 

Five groups of dogs were used m this work Each group 
was treated differently Group I was fed ground lean beef 
daily for 1 week Each dog received 250 gm about noon each 
day The operative work was done on the dogs the day after 
the last feedmg A sample of blood was taken from the jugular 
vem just before anesthesia The ether was given by forcmg air 
saturated with ether mto a nose mask for the dog After surgical 
anesthesia had contmued for 15 mmutes another sample of blood 
was taken The ammo-acid content of the blood was detennmed 
by the method of Van Slyke* with the modification that the 
sample and reagents were mcreased five times and the deter- 
mmations made on 2 cc volume of the total filtrate which had 
been made up to 10 cc volume Several determinations were 
made on each sample and the average was taken as the correct 
result The results of the work on Group I are given m Table I 

I Ross, E L , and RIcGuigan, H , J Biol Chem , 1915, xxii, 407 
• Van Slyke, D D , Vinograd-ViUchur, M , and Loses, JR,/ Biol 
Chem , 1016, xxin, 3S5 
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TABLE m. 


Influence of Ether i Hour after Carbohydrate Feeding 


Doc. 

ilc- of animo N per cc. of aenim. 

Before anesthesia. 

1 

After 15 min. of 
anestbesia. 

Daetoether 

1 

0 072 

0 069 

-0 003 

2 

0 054 

0 055 

+0 001 

3 

0 069 

0 061 

-0 008 

4 

0 062 

0 067 

+0 005 

5 

0 OSS ' 

1 

0 070 

+0 002 

Average 

0 065 

0 0644 

-0 0006 
—0 9 per cent 


Group IV consisted of ten dogs which had not been previously 
dieted They were bled, fed 200 gm of ground lean beef each, 
bled at the end of half an hour after feeding, anesthetized, and 
after 15 minutes of surgical anesthesia, bled agam Ammo- 
acid determinations were made on the samples The results 
are given m Table IV 


TABLE IV 


Influence of Ether i Hour after Meat Feeding 


Doe- 

hIs of amino N per oo. of serom. 

Changes. 

Before 

feedinc. 

) hr after 
feeding 

After 

anesthesia. 

Doe to 
feeding 

Due to ether 

1 

0 061 

0 061 

0 051 

0 000 

-0 010 

2 

0 123 

0 112 

0 116 

-0 oil 

+0 004 

3 

0 071 

0 072 

0 057 

+0 001 

-0 015 

4 

0 118 


0 124 

-rO 012 

-0 006 

5 

0 046 

0 051 

0 041 

+0 005 

-0 010 

6 

0 149 

0 127 

0 138 

-0 022 

+0 oil 

7 

0 049 


0 038 

-0 003 

-0 008 

8 

0 121 

0 118 

0 130 

-0 003 

+0 012 

g 

0 071 


0 062 

+0 005 

-0 014 

10 

0 144 


0 140 

-0 004 

0 000 

Average 

0 0953 

0 0933 

0 0897 

-0 0020 

2 1 

per cent 

-0 00 6 

3 9 

per cent 
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TABLE I 


Influence of Ether after a Week of Meal Feeding 


Doe 

Mg of ammo N por cc. of serum 

Before ether 

After 15 min of 
anesfbesfeu 

Change 

1 

0 066 

0 064 

-0 002 

2 

0 046 

0 049 

+0 003 

3 

0 069 

0 063 

-0 006 

4 

0 111 

0 110 

-0 001 

5 

0 111 

0 101 

-0 010 

Average 

0 0S06 

0 0774 

-0 0032 
—4 Oper cent 


Group II was made up of five dogs which were fed on a low 
protem diet for 1 week previous to the test They were fed 200 
gm of a mixture of crackers 2 parts and lard 1 part The ani- 
mals otherwise were treated in the same way as those of Group I 
The results are given m Table II 

table n 


Influence of Ether after a Week of Low Protein Diet 


Dog. 

Mg of amino N i)er co. of earutm 

Before ether 

After 15 min. of 
aneethetia. 

Change 

1 



-HO 004 

2 



-t-0 002 

3 



-0 003 

4 




5 




Average 

0 0482 

0 0482 

-0 000 

0 Oper cent 


Group III consisted of five dogs which had not been receiv- 
ing a special diet before the tests Half an hour before bleed- 
mg the first time each dog was given a mixture contammg 100 
gm of sugar, 16 gm of starch, and water After bleedmg they 
were anesthetized and treated as were the dogs of the preceding 
groups The results are given in Table III 
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hour previous to anesthesia received considerable amounts of 
carbohydrates The results are variable Three out of five 
show an mcrease due to ether but the average of all shows a 
decrease of 0 9 per cent Compared with the wide mdividual 
variations, the average change is neghgible 

Table IV gives the results of feedmg meat half an hour before 
anesthesia The change m the ammo-acid content of the blood 
serum due to the taking of food and to the admmistration of 
ether is determmed The mdividual changes due to both food 
and ether are variable , some are positive and some are negative 
The average change due to meat feedmg was a fall of 2 per cent 
and that due to ether anesthesia followmg a fall of 3 9 per cent 

Table Y contains data on the ammo-acid change of the blood 
serum due first to 4 hours of meat digestion and second to ether 
anesthesia followmg The average change for all five dogs 
due to meat digestion was 59 8 per cent mcrease and that due to 
ether anesthesia was a faU of 9 2 per cent Dog 4 made an enor- 
mous mcrease due to feedmg and a very exceptionally large 
decrease due to the ether Averagmg the results of the other 
four dogs, there was an mcrease due to meat digestion of 47 8 
per cent and a decrease due to anesthesia of 4 6 per cent This 
probably is more near the changes that would be found m the 
average normal dog Van Slyke and Meyer* obtamed similar 
results 

It is mterestmg to note that very roughly the amount of de- 
crease of ammo-acids due to ether anesthesia follows the mitial 
ammo-acid content of the blood This is shown m the followmg 
table compiled from the precedmg tables 


Table 

Amino N beforo etbsr 

Fall. 

II 

1 

0 0482 

ptr cent 

0 0 

III 

0 0050 

0 9 

IV 

0 0963 

3 9 

I 

0 0806 

4 0 

V 

0 0980 

4 6-9 2 


» Van Slyke, D D , and Meyer, G M , J Bwl Chem , 1912, xu, 409 
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Ether Anesthesia and Blood 

Group V was made up of undieted dogs They were bled, 
fed a pound of ground lean beef each, bled after 4 hours, anes- 
thet^ed, and bled agam after 16 mmutes of anesthesia The 
results are given m Table V 


TABLE V 



Mg of amino N per oo 

of serum* 

Changes. 

Before 

feeding 

4 hr^ after 
feeding 

After 15 min 
euesthesia. 

Dae to 
feeding* 

Doe to ether 

1 

0 116 

0 168 

0 160 

+0 052 


2 

0 105 


0 148 

+0 054 


3 

0 091 

0 136 

0 144 

+0 045 


4 


0 179 

0 135 

+0 098 


5 


0 141 

0 124 

+0 044 

-0 017 

Average 

0 09S 

0 1666 

0 1422 

+0 0586 

-0 0144 





+59 8 

-9 2 





per cent 

per cent 





+47 8 

-4 6 





per cent* 

per cent* 


1 ^ ^ waicn mere was an excep- 

y arge increase due to feeding, and a correspondingly large de 
crease due to ether n j b 


DISCUSSION 

The results given m Table I show the influence of ether anes- 
thesia on the ammo-acid content of the blood serum of dogs 
which had been dieted for 1 week on lean beef There was a 
small drop m four out of five cases The average change m 
the group was a drop of 4 0 per cent of the ongmal content of 
the serum 

The change m the ammo-acid content of the blood serum due 
to anesthesia of dogs fed on practically no protem for 1 week is 
given m Table II In one case there was no change, m two there 
was an mcrease, and m two a decrease The average of all five 
changes was zero 

The figures given m Table HI show the change, due to ether, 
m the amino-acid content of blood serum of dogs which half an 



STUDIES ON GROWTH 


m THE COMPARATIVE VALUE OF LARD AlID BUTTER 
FAT m GROWTH. 

Bt OAR TMTR funk and ARCHIBALD BRUCE MACALLUM • 

(From the General Memorial Hoepital, Hamman Research Laboratory, 
Rooseveit Eospilal, New York, and the Department of 
Pathological Chemistry, University of Toronto ) 

(Received for publication, August 3, 1916 ) 

In our first commumcation’ of this senes, we advanced the 
opinion that we were dealing with a problem very similar to, if 
not identical with, ben-ben. Our mam objective was to ascer- 
tam the simplest dietary conditions necessary to enable a yoimg 
rat to reach matunty Subsequently we found’ that artificial 
diets contammg butter, without yeast or similar vitamme-con- 
taimng substances, are insufficient to promote growth m young 
rats, and at that time the question whether butter could be re- 
placed by lard with the same ultimate success was left open 
We have earned out experiments of longer duration, employmg 
both lard and butter as the fat fraction of these diets, and sub- 
mit results which enable us to form a more defimte opmion as 
to the relative value of these two fats 

Our expenence demonstrates that there are wide variations 
dependmg on the constitution of the mdividual rats Every 
rat taken mdiscrmunately is not suitable for this class of work 
As a matter of fact m experiments carried out m Toronto 80 
per cent of the rats purchased from dealers were rejected on ac- 
count of physical defects not apparent before the imtiation of 
the experiment A second comphcation is a diminished resist- 
ance to infection, which follows the use of aH artificial diets 
The meager knowledge we possess of the pathological conditions 

• Senior Fellow m Medical Research. 

» Funk, C , and MacaUum, A. B , Jr , E physiol Chem , 1914. zou, 13 

* Funk and MacaUum, J Biol Chem , 1916, 413 
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Ether Anesthesia and Blood 


GONCIitrSIONS 

The ammo-acid content of the blood serum of dogs is affected 
as follows 1 Not matenally changed m half an hour by feed- 
mg either carbohydrates or meat 2 Increased considerably 
m 4 hours after feedmg a pound of meat to each dog 3 Not 
matenally decreased by 15 mmutes of ether anesthesia, first, 
after a week of meat diet, second, after a week of low protein 
diet, third, half an hour after feedmg meat, or fourth, half an 
hour after feedmg carbohydrates and fat The decrease at most 
IB not above 4 0 per cent 4 Decreased 4 6 to 9 2 per cent after 
an ammo-acid nee due to 4 hours of meat digestion 



STUDIES ON GROWTH 


in THE COMPARATIVE VALUE OF LARD AND BUTTER 
FAT ni GROWTH. 

Bt CASEMIR funk aud ARCHIBAIiD BRUCE MACALLUM * 

(From (fic Gmeral Memorial Hospital, HamTTian Research Laboratory, 
Roosevelt Hospital, New York, and the Department of 
Pathological Chermsiry, University of Toronto ) 

(Received for pubbcation, August 3, 1916 ) 

In our first commumcation' of this senes, we advanced the 
opinion that we were dealing with a problem very RiTni1n.r to, if 
not identical with, ben-ben Our mam objective was to ascer- 
tam the simplest dietary conditions necessary to enable a young 
rat to reach matunty Subsequently we found* that artificial 
diets containmg butter, without yeast or similar vitamme-con- 
tainmg substances, are insufficient to promote growth m young 
rats, and at that time the question whether butter could be re- 
placed by lard with the same ultimate success was left open 
We have earned out experiments of longer duration, employmg 
both lard and butter as the fat fraction of these diets, and sub- 
mit results which enable us to form a more defimte opmion as 
to the relative value of these two fats 
Our expenence demonstrates that there are wide variations 
dependmg on the constitution of the mdividual rats Every 
rat taken mdiscnminately is not siutable for this class of work 
As a matter of fact m experiments earned out m Toronto 80 
per cent of the rats purchased from dealers were rejected on ac- 
count of physical defects not apparent before the initia tion of 
the experiment A second comphcation is a diminished resist- 
ance to infection, which follows the use of aU artificial diets 
The meager knowledge we possess of the pathological conditions 

• Senior Fellow in Medical Research. 

* Funk, C , and Macallum, A. B , Jr , Z physiol Chem , 1914. xou, 13 

’ Funk and Macallum, J Biol Chem , 1916, icsiii, 413 
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Ether Anesthesia and Blood 


CONCLUSIONS 

The ammo-acid content of the blood serum of dogs is affected 
as follows 1 Not matenally changed m half an hour by feed- 
ing either carbohydrates or meat 2 Increased considerably 
m 4 hours after feedmg a pound of meat to each dog 3 Not 
materially decreased by 16 mmutes of ether anesthesia, first, 
after a week of meat diet, second, after a week of low protein 
diet, third, half an hour after feedmg meat, or fourth, half an 
hour after feedmg carbohydrates and fat The decrease at most 
IS not above 4 0 per cent 4 Decreased 4 6 to 9 2 per cent after 
an ammo-acid rise due to 4 hours of meat digestion 
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Experiment I 

Eats 49, 50, 51, and 52 (Fig 1) were kept on diets containing 
dned yeast and lard for about 68 days At that time a deficiency 
was noticed which, m previous experiments, led to the death 
of all the rats and could not be corrected by a larger supply of 
dried yeast Then fresh moist pressed yeast was substituted, 
the deficiency disappeared, and the rats attamed approximately 
adult weight 

A second senes. Eats 61 and 62 (Fig 2), were placed on diets 
contaimng lard for 44 da 3 rs, bemg changed to a diet of butter 
and dried yeast after this penod No mcrement m growth was 
noticed as the result of this change 

In the butter experiments Eats 53 and 54 (Fig 1) have also 
shown a marked improvement on changmg the yeast from the 
dried to the moist form, more especially as regards their external 
appearance Eats 47 and 48 (Fig 2) were kept on diets with 
butter and dried yeast and these have also developed symptoms 
which persisted when the diets were substituted by lard and 
autolyxed yeast Eats 59 and 60 (Fig 2), exceptionally healthy 
specimens, were kept on butter-contammg diet for 44 days and 
then changed’ to diet with lard and autolyzed yeast, for a longer 
period than was mdicated m the chart, without the rate of growth 
bemg modified On several occasions rats showmg deficiency 
on a lard-contammg diet were placed on a butter diet with the 
hope of rehevmg the symptoms The improvement which re- 
sulted from this change was only temporary and several rats 
died after bemg kept 30 days on butter 

In all the experiments a marked improvement resulted when 
a diet of a different composition was given or even from a fresh 
preparation of the same diet This might mdicate that the 
diets lose part of their nutritive value when stored for lengthy 
penods 

* Encircled numbers on Fig 2 mdicate the point at which that diet was 
begun. 
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in rats may lead to a condemnation of the diet, whereas actually 
the condition could be remedied without change of diet, if we 
were able to recognize its nature As an example of this, rats 
on artificial diets frequently contract an eye infection which 
can be treated with a certain degree of success by an apphcation 
of a few drops of zmc sulfate solution If untreated this condi- 
tion IS accompamed by loss m weight, becomes acute, and ter- 
nunates fatally 

The first series of experiments were carried out on diets 
containmg lard as the fat component, and dned powdered 
yeast Rats on this diet grew normally for 60 to 90 days, but 
eventuafiy displayed symptoms (bleedmg from the eyes, nose, 
and ears, petechise and hemorrhages under the skin of the tail) 
which nught be regarded as scorbutic This terminated fatally 
if no change of diet was effected When moist yeast was sub- 
stituted for the dried preparation the rats could be kept for 160 
days and attamed approximately adult size Autolyzed yeast 
was equally efficient m this respect Similar results were ob- 
tamed on addition of orange juice to the dnnkmg water, al- 
though orange jmce itself has neither growth-promoting nor 
mamtammg properties, unless supplemented by yeast 

Diets m which butter partially or wholly replaces lard have a 
shght superiority over those containmg lard, which is more than 
can be explamed by the antiscorbutic properties of the butter 
Eats on yeast and butter diets often show the eye affection re- 
garded by most of the mvestigators as characteristic of dietary 
deficiencies, and we are convmced that none of the artificial 
diets so far mvestigated can be compared with a normal dietary 
in its efficiency for growth This deficiency mtroduces an addi- 
tional comphcation and must be taken mto account ih subse- 
quent mvestigations 


EXPEBIMBNTAI. 

The methods of prepanng the diets were very much the same 
as those described m our earher pubhcations The experiments 
varied shghtly as to their conditions m New York and Toronto 
but the ultimate results were identical The charts and tables 
are representative of the different groups of experiments 
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Diets (Gm ) 



L 

2 

3 

4 

5 

Casein 

22 

22 

22 

22 

22 

Sugar 

10 

10 

10 


10 

Starch 

30 

27 

27 

29 

27 

Lard 

30 

30 

30 


30 

Salt 

3 

3 

6 

1 6 

6 

Agar 

2 

2 

2 

2 

2 

Yeast (dry) 

Yeast (moist) equal to | 

3 

6 

3 

1 of dry 
yeast 

3 of 

dry yeast 


Rats 49 and 60 Males 
0- 68 da 3 rs Diet 2 
69- 98 “ “4 

99-160 “ “ 6 


Rats 51 and 52 Males 
0- 62 days Diet 1 
63- 68 " “3 

69- 98 “ “ 4 

99-160 " “ 6 


D*yiu 

Weight. 

food intalu 
p«r day 

Wdght, 

Avcnif* 

food 

purdty 

4$ 

so 

SI 

63 


ffm 

cm 

calonst 

ffm 

ffm 

cakrm 

0 

44 

46 


41 

46 


4 

66 

68 

77 4 

62 

65 

78 2 

8 



92 4 

72 

66 

81 3 

12 



103 2 

91 

82 

67 2 

16 

104 

110 

105 7 

102 

91 

97 1 

20 

HEla 


110 3 

110 

100 

102 2 

24 



110 6 

119 

110 

106 8 

28 

146 


110 0 

132 

120 

100 3 

82 

160 

168 

111 0 

138 

128 

100 8 

36 

162 

163 

109 3 

148 


112 2 

40 

170 

174 

114 6 

169 

147 

116 2 

44 

173 

176 

114 3 

160 


116 2 

48 

177 


111 1 

163 


117 6 

62 

178 

184 

95 4 

170 

168 

108 6 

66 

182 

188 

110 8 

176 

161 

120 3 

60 

185 

191 

103 8 

178 

163 

106 6 

64 

186 

176 

78 7 

176 

164 

96 9 

68 

184 

182 

90 0 

192 

167 

120 7 

76 

199 


115 9 



116 3 

84 

201 

201 

98 6 

206 


108 6 

100 

207 

205 

85 0 

209 

192 

01 0 

120 

200 

205 

105 7 

210 


103 7 

140 

193 

201 

76 3 

216 

186 

85 4 

160 

192 

203 

75 8 

221 


67 4 
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Diets (Chn ) 



1 

2 

s 

4 

Casein 

22 

22 

22 

22 

Sugar 

10 

10 

10 

10 

Starch 

30 

27 

29 

27 

Butter fat 

18 

18 

18 

18 

Lard 

12 

12 

12 

12 

Salt 

3 

3 

6 

6 

Agar 

2 

2 

2 i 

2 

Yeast fdry) 

3 

6 

1 of 

dry yeast 

3 of 

dry yeast 

Yeast (moist) equal to| 




Rata 63 and 64 Females 
0- 62 da 3 m Diet 1 
63- 68 “ “ 2 

69-100 “ “ 3 

101-160 " “ 4 


Days 

Weight 

Averajce daily food 
intake. 

53 , 



fftn 

ffVl 

caJ/mtt 

0 

43 

41 


4 

64 

66 

74 3 

8 

64 

63 

66 2 

12 

78 

76 

72 0 

16 

80 

80 

77 0 

20 

86 

87 

73 5 

24 

90 

92 

76 8 

28 

96 

95 

81 1 

32 

100 

101 

79 2 

36 

106 

106 

88 9 

40 

112 

112 

87 3 

48 

112 

112 

87 2 

66 

119 

116 

83 7 

64 

123 

126 

95 2 

84 

138 

136 

79 8 

100 

144 

146 

76 6 

120 

149 

147 

79 2 

150 

147 

163 

92 8 













DxeU (Gm ) 



1 

a 

3 

Casein 

22 

22 

22 

Sugar 

10 

10 

10 

Starch 

28 

30 

23 

Butter 

Lard 

30 

30 

30 

Agar 

2 

2 

2 

Salts 

2 

2 

2 

NaHCO, 

1 

1 

1 

Yeast fdryl 

Yeast fautolyzed; equal to | 

1 6 of dry 
yeast 

3 

1 

3 of 

dry yeast 


Rats 47 and 48 Females 
0- 16 days Diet 1 
16-123 “ “ 2 

123-140 “ “ 3 


Bays. 


Avenue dafly food 
Intaka. 

a 



gm 

gm. 

gvu 

0 

36 5 

31 


4 

41 

34 

6 2 

8 

46 6 

39 

9 6 

12 

61 6 

43 

9 1 

16 

54 6 

42 6 

9 1 

20 

68 

46 

10 0 

24 

67 6 

60 6 

11 2 

28 

76 

66 6 

12 1 

32 

86 

66 

14 1 

36 

91 

78 

13 6 

40 

99 

91 

14 2 

44 

102 

93 

12 6 

48 

105 

98 

13 6 

62 

108 

100 6 

14 6 

56 

111 

107 

14 3 

60 

114 6 

113 6 

16 0 

64 

115 6 

116 

1 16 9 

68 

119 

122 

16 2 

72 

119 

120 

14 0 

76 

121 5 

125 6 

16 3 

80 

124 6 

129 6 

16 3 

84 

127 

134 5 

17 1 

88 

128 

134 6 

14 6 

92 

126 6 

135 

14 1 

96 

128 6 

139 

16 1 

100 

130 6 

141 

14 7 

108 

134 

144 6 

16 6 

116 

133 

145 

16 9 

TOA 

\ 

Idfi R 

1R f) 
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Diels (Gm ) 



1 

3 

Casern 

22 

22 

Starch 

23 

30 

Sugar 

10 

10 

Butter 


30 

Lard 

30 


Agar 

2 

2 

Salts 

2 

2 

NaHCO, 

1 

1 

Yeast (dry) 


3 

Yeast (autolyzed) equal to | 

3 of dry 
yeast 



Rats 59 and 60 Males Rats 61 and 62 Females 

0-44 days Diet 2 0-44 days Diet 1 

45-64 “ “ 1 45-64 “ “ 2 


DtyB. 


Average 
daily food 
uitakci 

Days. 

Weltht. 

Avenffo 
d^y food 
intake. 

£9 

60 

1 n 

62. 


ffm 

ffm 

ffm. 


ffVU 

ffm 

ffm 

0 

30 6 

25 

6 7 

0 

30 6 

26 6 

6 6 

4 

40 

31 

8 2 

4 

38 

32 

9 3 

8 

47 6 

35 5 

9 7 

8 

46 6 

38 

9 3 

12 

59 

42 6 

11 2 

12 

65 5 

43 

10 7 

16 

70 

48 

13 8 

16 

62 6 

48 

12 6 

20 

81 5 

68 5 

14 8 

20 

71 5 

65 

12 6 

24 

94 

68 

16 2 

24 

80 6 

61 5 

14 6 

28 

106 

76 5 

17 2 

28 

87 6 

67 

14 2 

32 

114 

82 6 

20 1 

32 

93 6 

71 

16 1 

36 

127 6 

90 

20 8 

36 

99 6 

76 

14 9 

40 

139 6 

100 6 

23 8 

40 

105 

80 6 

14 2 

44 

155 

113 

24 9 1 

44 

U1 5 

84 5 

14 2 

48 

167 

124 

23 7 

48 

116 

83 

16 6 

62 

180 

138 

21 8 

62 

123 

96 

17 6 

66 

192 

150 

22 0 

66 

132 

100 

16 2 

60 

199 

167 

21 1 

60 

142 

104 5 

17 1 

64 

205 

165 

21 1 

64 

166 6 

115 ' 



Experiment 11 

The casein preparation used m this senes was purified by 
washing, following the method of McCollum and Davis ^ In 

< McCkillum, E V , and Davis, M , J Biol Chem , 1915, xxm, 231 

















Diets {Om ) 



1 

3 

3. 

Casern 

22 

22 

22 

Sugar 

10 

10 

10 

Starch 

28 

30 

23 

Butter 

30 

80 


Lard 



30 

Agar 

2 

2 

2 

Salts 

2 

2 

2 

NaHCO, 

1 

1 

1 

Yeast Cdryl 


3 

3 of 

dry yeast 

Yeast fautolyiedj equal to | 

1 6 of dry 
yeast 



Rata 47 and 4S Females 
0- 16 days Diet 1 
16-123 “ " 2 

123-140 " " 3 


Day*. 

Wdeht. 

ATeraxe dally food 
IntAke. 

47 

48. 


ffm 

tm 

9m 

0 

36 6 

31 


4 

41 

34 

6 2 

8 

46 6 

39 

9 6 

12 

61 6 

43 

9 1 

16 

64 6 

42 6 

9 1 

20 

58 

46 

10 0 

24 

67 6 

60 6 

11 2 

28 

76 

66 6 

12 1 

32 

85 

66 

14 1 

36 

91 

78 

13 6 

40 

99 

91 

14 2 

44 

102 

93 

12 6 

48 

105 1 

98 

13 6 

62 

108 

100 6 

14 6 

66 

111 

107 1 

14 3 

60 

114 5 

113 6 

16 0 

64 

116 6 

116 

16 9 

68 

119 

122 

15 2 

72 

119 

120 

14 0 

76 

121 6 

125 6 

16 3 

80 

124 6 

129 5 

16 3 

84 

127 

134 6 

17 1 

88 

128 

134 6 

14 6 

92 

126 6 

136 

14 1 

96 

128 6 

139 

16 1 

100 

130 6 

141 

14 7 

108 

134 

144 6 

16 6 

116 

133 

145 

16 9 

124 

135 

146 6 

16 6 

132 

139 6 

154 

14 6 

140 

128 

149 S 

14 0 
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Another senes, of which Rats 13 and 14 (Fig 2) are representa- 
tives, received casein which had been autoclaved for 1 hour at 16 
pounds’ pressure, according to McCollum and Davis On this diet 
the rats failed to grow, but after 28 days 1 cc of fresh orange 
jmce was added, and normal growth was resumed It seems 
probable that the impsured value of heated casern is not due so 
much to the destruction of ammo-acids as to the loss of its anti- 
scorbutic properties 


Ih«ts (Om ) 



1 

3 

Casern 

22 

22 

Sugar 

10 

10 

Starch 

30 

29 

Lard 

30 

30 

Salts 

3 

3 

Agar 

2 

2 

Yeast (dry) 

3 

4 


Rata 13 and 14 Males 
0- 14 days Diet 1 
15- 96 “ “ 2 

28-100 “ 1 cc orange jnice 


Days. 

Wdght. 

ATBTiec daily food 
intake. 

IS. 

H 


{rm 

rm 

ffm 

0 

33 3 

27 2 


4 

40 1 

, 33 7 

6 2 

8 

41 4 

37 1 

6 0 

12 

44 6 

39 8 

7 1 

16 

46 4 

39 4 

7 9 

20 

60 6 

41 4 

7 2 

24 

64 3 

42 0 

8 1 

28 ' 

54 6 

41 6 

6 5 

32 

65 1 

42 0 

4 7 

36 

63 1 

47 0 

8 2 

40 

62 1 

44 0 

6 8 

44 

70 8 

46 2 

8 4 

48 

77 1 

46 2 

10 6 

62 

87 1 

61 8 

12 2 
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this paper the authors claim that purification of casein by boil- 
mg with alcohol destroys some of the ammo-acids and results m 
loss of its nutritive properties The results m this case (Eats 
66 and 66, Fig 1) were identical with those which were obtained 
with casern purified by extraction with hot alcohol This latter 
method was used m purifying the casern m the first experiment 


Dtet» (Om ) 



1 

3 

1 

Casern (McCollum) 

22 

1 

22 

22 

Sugar 

10 

10 

10 

Starch 

27 

29 

27 

Lard 

30 

30 

30 

Salt 

3 

6 

6 

Agar 

2 

2 

2 

Yeast (dry) 

6 


3 of 

dry yeast 

Yeast (moist) equal to | 


1 of 

dry yeast 


Rats 56 and 56 Females 
0- 69 days Diet 1 
60- 87 “ "2 

88-140 “ « 3 


Daym. 

WdEht. 

AraraM cUtly food 
mtAke 

55 

60 



tnfu 

calcrui 

0 

48 

62 


4 

67 

71 

76 1 

8 

80 

82 

92 2 

12 

89 

91 

88 4 

16 

96 

96 

77 2 

20 

104 

102 

86 0 

24 

107 

104 

74 9 

28 

109 

109 

94 3 

32 

116 

116 

79 8 

40 

120 

120 

88 4 

60 

140 

133 

86 3 

80 

144 

143 

78 4 

100 

136 

160 

79 9 

140 

133 

136 

61 9 
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Another series, of which Rats 13 and 14 (Fig 2) are representa- 
tives, received casein which had been autoclaved for 1 hour at 15 
pounds’ pressure, according to McCollum and Davis On this diet 
the rats failed to grow, but after 28 days 1 cc of fresh orange 
juice was added, and normal growth was resumed It seems 
probable that the unpaired value of heated casern is not due so 
much to the destruction of ammo-acids as to the loss of its anti- 
scorbutic properties 


I>i4ls {Chn ) 



1 

s 

Casein 

22 

22 

Sugar 

10 

10 

Starch 

30 

29 

Lard 

30 

30 

Salts 

3 

3 

Agar 

2 

2 

Yeast (dry) 

3 

4 


Rats 13 and 14 Males 
0- 14 days Diet 1 
15- 98 « " 2 

28-100 “ 1 oc orange juice 


D»y». 

WeScht. 1 

Arextn diUy food 
urtake 

13 

14. 


ffm 

gm 

ffm 

0 

33 3 

27 2 


4 

40 1 

33 7 

6 2 

8 

41 4 

1 37 1 

6 0 

12 

44 6 

39 8 

7 1 

16 

46 4 

39 4 

7 9 

20 

60 6 

41 4 

7 2 

24 

54 3 

42 0 

S 1 

28 

54 6 

41 5 

6 6 

32 ! 

56 1 

42 0 

4 7 

36 1 

63 1 

47 0 

8 2 

40 

62 1 

44 0 

6 8 

44 

70 8 

46 2 

8 4 

48 

77 1 

46 2 

10 6 

52 

87 1 

61 8 ! 

12 2 
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Rats 13 and 14 Males — Continued 


Days 

Weight. 

Average daily food 


13 

H 

IfllAJLC* 


om 

ffUX 

ffn 

66 

03 0 

64 6 

12 4 

60 

102 0 

64 2 

12 0 

64 

110 3 

78 6 

16 6 

68 

126 0 

89 3 

16 1 

72 

130 0 

01 6 

16 4 

76 

130 0 

98 6 

14 9 

80 

137 4 

103 8 

16 1 

84 

140 0 

112 4 

14 8 

88 

144 7 

117 0 

11 2 

02 

146 0 

119 8 

14 2 

06 

147 0 

123 0 

11 4 


BtJMMABY 

The failure of rats to grow on a lard and yeast diet is partially 
due to the development of scorbutic symptoms These can be 
reheved to a marked degree by usmg moist instead of dried yeast 
and still more so by usmg moist yeast and butter Even m the 
latter case the existmg deficiencies are not entirely corrected, 
smce many rats dechne on this diet Eats which fail on lard 
do not always recover on a diet containmg butter It seems also 
possible that yeast on account of its high content m purmes, and 
perhaps other constituents, is not an ideal addition m experiments 
of long duration, even m spite of its marked growth-promoting 
power The impaired nutritive value of heated casern does not 
seem to be due to destruction of ammo-acids but to destruction 
of vitammes 
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IV THE ACTION OF YEAST FRACTIONS ON THE 
GROWTH OF RATS 

Bt CASIMIR funk akd ARCHTBALD BRUCE MACALLUM.* 

(FTom the General Memorial Hospital, Hamman Research Laboratory, 
Rooseeell Hospital, New Tori., and the Department of Pathological 
Chemistry, University of Toronto ) 

(Received for publication, August 3, 1916 ) 

The close relationship existing between the ben-ben and 
growth problems suggests the possibility of a fractionation of 
the active substance along lines already used m the investigation 
of ben-ben Accordmgly phosphotungstic acid was selected 
for the first attempt to separate out a physiologically active 
fraction which would stimulate the growth of young rats The 
expenmental difliculties which have repeatedly been empha- 
sized m the mvestigation of the ben-ben vitanune, due to in- 
stabihty of this substance, were also encountered m the study 
on growth. The physiological activity of the different fractions 
diminishes with each mampulation and both the problems of 
ben-ben and of growth wdl not be solved until more smtable 
methods for the isolation of vitamme are available 
The results obtamed so far clearly mdicate that the growth- 
promotmg substance is analogous to and possibly identical with 
the ben-ben vitamme and can be almost entirely precipitated 
with phosphotungstic acid Subsequent fractionation of the res- 
idue obtamed from the decomposed precipitate with silver nitrate 
and also with silver mtrate and baryta has shown that the 
precipitate contammg punne bases and the filtrate from the 
silver mtrate and baryta precipitation are entirely negative as 
to their growth-promotmg action, whereas the substances pre- 
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cipitated with silver nitrate and baryta possess traces of the 
activity of the initial phosphotungstic acid precipitate The 
experimental evidence mdicates that considerably larger quan- 
tities of vitamines are necessary for stimulating growth than for 
curmg ben-ben, and the losses occurring dunng fractionation 
are more apparent m the former than m the latter case How- 
ever, it must be admitted that while it is uncertam whether 
these two substances are chemically different, the results ob- 
tamed do not exclude such a possibihty Lloyd’s reagent, as 
recommended by SeideU,^ has also been used as a precipitant 
without much success, as the rats on the filtrate have also shown 
mcrements in growth 

In the first instance autolyzed yeast was shghtly acidified 
with hydrochloric acid and completely precipitated with phos- 
photimgstic acid, carefully avoidmg an excess of this reagent 
After allowmg the mixture to stand for 24 hours, the precipitate 
was collected on a Buchner fimnel and repeatedly washed with 
a cold solution of phosphotungstic acid contaimng hydrochloric 
acid The precipitate was then decomposed by the method 
described by Van Slyke,* with a mixture of amyl alcohol and 
ether and hydrochloric acid, only a small quantity of the precipi- 
tate remaimng unchanged After filtration of this small fraction 
the aqueous extract was evaporated tn vacuo and the residue 
made up to a known volume and mixed m the diet in quantities 
calculated from the amount of autolyzed yeast necessary to 
promote growth However, the quantity of this fraction had 
to be doubled and even tripled m order to obtam satisfactory 
results The phosphotimgstic acid filtrate was worked out m 
a similar way This process offers the advantage that the yeast 
fraction is completely freed from substances soluble m hpoid 
solvents The purme fraction was obtamed from the phospho- 
tungstic acid precipitate fraction by precipitation with silver 
nitrate and subsequent decomposition with sulfuretted hydro- 
gen The filtrate from the purme bases was precipitated with 
baryta m the usual way and the precipitate decomposed, freed 
from traces of baryta, evaporated, and the residue mixed with 

• Seidell, A,, U S Public Health Report, No 325, 1916 

» Van Slj ke, D D , / Biol Chem , 1916, xxu, 281 
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the diet The filtrate from the fraction containing vitammes 
was reprecipitated with phosphotungstic acid and the precipi- 
tate obtamed after thorough washing, decomposed with amyl 
alcohol and ether The results with the pimne fraction and also 
with the silver mtrate-baryta fiiltrate are not mcluded m this 
paper as they were entirely negative The eflTect of the silver 
mtrate-baryta fraction was not sufficiently marked to encourage 
further mvestigation The diet contamed lard as the fat con- 
stituent, and 1 per cent sodium bicarbonate was added to neutral- 
ize the hydrochlonc acid present m this fraction Orange ]Uice 
to the extent of 1 cc a day was added to the dnnlong water to 
prevent the onset of scorbutic symptoms 
A large number of rats were kept on the above diets, especially 
on the phosphotungstic precipitate and filtrate and the records 
of only a few were selected for pubhcation, m order to save space 
Rats 9 and 10 were kept on phosphotungstic acid filtrate through- 
out the experiment Rats 11 and 12 were changed after 34 
days to the diet contammg the phosphotungstic precipitate 
fraction which was followed by an improvement warrantmg the 
view that the growth-promotmg substance is contamed m this 
precipitate (Fig 2 b) 


Dxfta (Om ) 



1 

1 

3. 

Casein 

22 

22 

Sugar 

10 

10 

Starch 

23 

23 

Lard 

30 

30 

Agar 

2 

2 

Salta 

2 

2 

NaHCO, 

1 

1 

Phosphotungatate precipitate 


10 

“ filtrate 

10 1 

1 





66 Studies on Growth IV 

Rat 9 (male) and Rat 10 (female) Rats 11 and 12 Males 
0^6 days Diet 1 0-34 days Diet 1 

28-100 “ 1 cc orange jmoe 35-100 “ “ 2 

76-100 triple vitamme addition 


D&ys. 

Weight 

Average 
daily food 
intake. 

Days. 

Weixht 

daily food 
intake 

9 1 

10 

11 

U. 


ffHX 

ffm 

gm 


gm 

grtu 

gvi 

0 

36 2 

41 8 


0 

37 9 

34 2 


4 

42 8 

47 3 1 

9 5 

4 

46 2 

41 8 

7 6 

8 

43 0 

47 3 

7 8 

8 

46 8 

44 2 

6 6 

12 

44 6 

49 3 

7 0 

12 

42 8 

45 3 

7 6 

16 

46 8 

55 4 

8 7 

16 

46 3 

45 8 

7 8 

20 

46 2 

56 6 

7 6 

20 

46 9 

46 7 

7 7 

24 

46 6 

64 7 

7 8 

24 

46 2 

46 6 

6 6 

28 

46 6 

62 8 


28 

44 3 

46 0 

6 4 

32 

42 9 

49 9 


32 

40 4 

39 4 

4 7 

36 

37 8 

41 6 

7 8 

36 

39 8 

37 2 

6 6 

40 

36 8 

41 6 

7 7 , 

40 

60 6 

48 2 

9 1 

44 


41 8 

6 6 

44 

62 2 

60 0 1 

8 9 

48 


43 9 

6 3 

48 

54 8 

67 0 

8 0 

62 


44 0 

5 3 

62 

68 0 

60 7 

8 7 

66 


43 8 

3 8 

66 

63 6 

67 3 

11 0 

60 


41 6 

3 5 

60 

66 3 

71 0 

124 

64 


44 6 

3 6 

64 

66 1 

70 3 

88 

68 


41 0 

3 3 

68 

70 6 

76 7 

11 1 

72 


43 6 

3 6 

72 

76 0 

82 6 

9 9 

76 


42 9 

3 4 

76 

76 0 

84 8 

I 11 9 

80 


45 0 

3 0 

80 

77 6 

91 1 

1 11 1 

84 


42 2 

3 1 

84 

76 0 

86 2 

9 0 

88 


44 1 

I 2 7 

88 

79 4 

90 0 

[ 8 8 

92 


43 0 

3 2 

92 

78 6 

90 9 

4 4 

96 


41 0 

2 9 

96 

74 7 

91 7 

6 4 

100 


1 


100 

70 0 

76 3 

6 4 


A second senes of expenments was earned out on pressed yeast 
which had been heated with 10 per cent sulfunc acid at 90-95® 
for 6 hours The hydrolysate was filtered, diluted with an 
equal volume of water, and precipitated with phoqihotungstic 
acid After standing for 24 hours the precipitate was filtered 
at the pump and well washed with 5 per cent sulfunc acid 
The precipitate was decomposed in the ordmary way with 
baryta The final solution, slightly acid, was neutrahzed with 
sodium carbonate, carefully avoidmg an excess, distilled tn vacuo, 
Standardized, and defimte quantities were added to the diet The 
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filtrate of the phosphotungstic acid precapitatioii was treated 
m a Rrmilar way 

The diet contauung the substances precipitated by phospho- 
tungstic acid was fed to four rats (Eats 80 to 83, Fig 1) and 
enabled them to double their original weight after 32 to 36 days 
This IB about double the tune required when yeast is the source 
of vitammes and the depreciation is due to the fractionation with 
the precipitatmg reagent 

Two rats (84 and 85, Fig 2 a) were fed the diet contaimng the 
residue from the phosphotungstic filtrate After 28 days they 
had added only a third to their original weight and had all 
the external symptoms of an acute deficiency Then the diet 
with the precipitate was substituted and m 11 days they rapidly 
doubled their or^mal weight and presented a normal appearance 


Diels (Om ) 



1. 

3 

Casern 

22 

22 

Sugar 

10 

10 

Starch 

24 

24 

Fat (lard) 

30 

30 

Salt 

6 

6 

A.gar 

Residue phosphotungstic acid precipitate 

2 

2 

equal to 

Residue phosphotungstic acid filtrate 
equal to 

6 

1 Dried 
6/ yeast. 


Rats 80, 81, and 82 Males 
Rat 83 Female 
0-36 days Diet 1 


Days. 

Wei*bt. 

ATeractt 
daily food 
intake. 

Weight. 

Average 
daily food 

jptiiVu 

80 

81 

s> 

S3 


(Tin. 

ffm. 

coZorv* 

fftn 

ffnu 

calories 

0 

24 

25 


20 



4 

31 

33 

29 8 

23 5 

37 

27 8 

8 

36 

40 5 

33 6 

28 

43 

32 8 

12 

36 

43 

35 7 

29 

46 

33 3 

16 

38 

44 6 

40 5 

29 

48 

40 5 

20 

40 

48 

28 6 

31 

61 

38 3 

24 

42 

49 

30 1 

34 

54 

30 2 

28 

44 5 

52 

27 8 

38 

57 

35 0 

32 

46 

54 

28 7 

40 

69 

27 4 

36 

49 

56 

25 0 

42 6 

61 

29 8 
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Rat 9 (male) and Rat 10 (female) Bats 11 and 12 Males 
0-98 days Diet 1 0-34 days Diet 1 

28-100 “ 1 CO orange jiuoe 36-100 " “ 2 

76-100 triple ritamine addition 


Days. 

Wojffht 

Average 
daily food 
intake. 

Days 

Weight 

daily food 
intake 

9 

10 

11 

U 


gvi 


gm 


gm^ 

gnu 

rn 

0 

36 2 

41 8 


0 

37 9 

34 2 


4 

42 8 

47 3 

9 6 

4 

46 2 

41 8 

7 6 

8 

43 0 

47 3 

7 8 

8 

46 8 

44 2 

6 5 

12 

44 6 

49 3 

7 0 

12 

42 8 

45 3 

7 6 

16 

46 8 

66 4 

8 7 

16 

46 3 

45 8 

7 8 

20 

46 2 

66 6 

7 6 

20 

46 9 

45 7 

7 7 

24 

46 6 

54 7 

7 8 

24 

46 2 

46 6 

6 6 

28 

46 6 

62 8 


28 

44 3 

46 0 

6 4 

32 

42 9 

49 9 


32 

40 4 

39 4 

4 7 

36 

37 8 

41 6 

7 8 

36 

39 8 

37 2 

5 6 

40 

36 8 

41 6 

7 7 

40 

60 6 

48 2 

9 1 

44 


41 8 

6 6 

44 

62 2 

60 0 

8 9 

48 


43 9 

6 3 

48 

64 8 

67 0 

8 0 

62 


44 0 

6 3 

62 

68 0 

60 7 

8 7 

66 


43 8 

3 8 

66 

63 6 

67 3 

11 0 

60 j 


41 6 

3 6 

60 

66 3 

71 0 

12 4 

64 1 


44 8 

3 6 

64 

66 1 

70 3 

88 

68 ; 


41 0 

3 2 

68 

70 6 

76 7 

11 1 

72 


43 6 

3 6 

72 

76 0 

82 6 


76 


42 9 

3 4 

76 

76 0 

848 


80 


46 0 

3 0 

80 

77 6 

91 1 

111 

84 


42 2 

3 1 

84 

76 0 

86 2 


88 


44 1 

2 7 

88 

79 4 

90 0 


92 


43 0 

3 2 

92 

78 6 

90 9 


96 


41 0 

2 9 

98 

74 7 

91 7 


100 

1 




100 

70 0 

76 3 



A second senes of expenments was earned out on pressed yeast 
which had been heated with 10 per cent sulfunc acid at 90-95 
for 6 hours The hydrolysate was filtered, diluted with an 
equal volume of water, and precipitated with phosphotungstic 
aad After standing for 24 hours the precipitate was filtered 
at the pump and well washed with 5 per cent sulfunc acid 
The precipitate was decomposed m the ordmary way with 
baryta The final solution, shghtly acid, was neutrahzed with 
sodium carbonate, carefully avoidmg an excess, distilled in vacuo, 
Standardized, and defimte quantities were added to the diet The 








Fia 2 b Rats 9 and 10 were kept on a dfot oontaining phoaphotun^stio acid filtrate throughout the 
etpenment Rats 11 and 12 were changed to phosphotungstic precipitate at the point marked on the 
chart, with a marked improvement in growth and general appearance 
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Fia 1 Rats 80, 81, 82, and 83 were kept on a diet containing decomposed piosphotungstic acid pre- 
cipitate from yeast 

Fiq 2 a I&ta 84 and 86 were kept first on a diet containing the residue from phosphotungatic filtrate 
of yeast The marked deficiency was corrected when this addition was ohnnged on the point marked on 
the chart to the corresponding precipitate 



C Funk and A B Macallum 



69 


Fia 2b Rats 9 and 10 wero kept on a dfot containing phosphotungatio add filtrate throughout tho 
ONpcnmont Rata 11 and 12 woro changed to phosphotungatio precipitate at tho point marked on tho 
chart, with a marked improvement in growth and general appoamneo 



70 


Studies on Growth IV 


Rat 84 Female 
Rat 85 Male 


0-28 days Diet 2 
20-39 “ " 1 


Days 

Weitht 

A>’era« dafly food 
iniakt. 

84. 

8S 

1 

ffm 

gm 

cakrus. 

0 

45 

46 


4 

48 

49 

28 6 

8 

63 , 

64 6 

46 3 

12 

65 

66 

42 9 

16 

65 

66 

35 9 

20 

67 

67 

60 9 

24 

68 

68 

48 6 

28 

69 

61 

47 9 

32 

69 

68 

64 6 

36 

84 

82 

70 3 

39 

89 

‘ 90 

66 3 


SUMMABT 

The fractionation of yeast with phosphotungstic acid shows 
that the growth-promoting substance is carried down with the 
precipitate and a large part of its activity is lost during the 
fractionation The mstabihty of this substance when fraction- 
ated with silver salts presents greater difBculty than that ex- 
perienced during the fractionation of the beri-beri vitamine It 
seems possible that both these problems can only be solved 
when more adequate methods are available 









THE REACTION BETWEEN AMINO-ACIDS AND 
CARBOHYDRATES AS A PROBABLE CAUSE 
OF HtJMIN FORMATION * 

By M. L ROXAS 

{From, the Laboratory of Agricultural Chermstry of the 
Dnicersity of Wtscortsin, Madison ) 

(Received for pnbbcation, July 31, 1916 ) 

The study of the black substances obtained when proteins 
are hydrolyzed m strong acid solution is of great interest at the 
present time on account of their beanng on the natural melanins 
and on the quantitative determination of certain armno-acids 
in proteins Grmdley* and his coworkers state that hiimin 
nitrogen causes an error m the analysis for ammo-acids of com- 
mon foodstuffs when the Van Slyke ammo mtrogen determmation 
IS directly apphed to them This view on theoretical grounds 
was also expressed by Hart and Bentley ’ It is therefore very 
important to know more about the structure and mode of forma- 
tion of these compounds 

Mulder* was the first to show that albiunins separate fiocculi of a brown 
or black color on being boiled with concentrated hydrochloric or sulfuno 
acids Hausmann* made similar observations with globm Samuelly* 
pointed out that the formation of these "artificial melanins” or "melanoi- 
dms" might be a secondary reaction between amino-acids and carbohy- 
drates Madlard* conducted experiments along this Ime and found a 


* The work described m this article forms part of a thesis submitted 
m partial fulfilment of the requirements for the degree of Doctor of Phil- 
osophy in the Umversity of 'Wisconsm 

' Grmdley, H. S , and Slater, M E , J Am Chem Soc , 1915, xxivii, 
2762 

* Hart, E B , and Bentley, W H., J Biol Chem , 1916, mi, 477 

* Mulder, G J , mMann, G , Chemistry of the Proteids, London, 1906, 87 

* Hausmann, W , Z physiol Chem , 1900, xxix, 140 

‘ Samuelly, F , Beitr chem Phys u Path., 1902, u, 355 
« MaiUard, L C , Compt rend Acad , 1912, cUv, 66 
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Rat 84 Female 
Rat 86 Male 


0-28 days Diet 2 
20-39 “ “ 1 


Days 

We!*ht. 

Arwai;® daily food 

iatAlcft. 

Rf 

8S 


ffVi 

gm 

ceicru*^ 

0 

46 

45 


4 

48 

49 

28 6 

8 

63 

64 6 

46 3 

12 

65 

66 

42 9 

16 

65 

66 

35 9 

20 

57 

67 

60 9 

24 

68 

68 

48 6 

28 

69 

61 

47 9 

32 

69 

68 

' 64 6 

36 

84 

; 82 

70 3 

39 

89 

! 90 

66 3 


SUMMABT 

The fractionation of yeast with phosphotungstic acid shows 
that the growth-promoting substance is carried down with the 
precipitate and a large part of its activity is lost during the 
fractionation The mstabihty of this substance when fraction- 
ated with Sliver salts presents greater difficulty than that ex- 
perienced durmg the fractionation of the ben-ben vitamine It 
seems possible that both these problems can only be solved 
when more adequate methods are available 
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HI and PI, m a closed tube kept for 8 hours at 200-210'C Among other 
products he obtained pyrrol, as detected by the color reaction ivith pine 
shavingB, and either pyndme or piperidine or some derivative of either 
one of these bases Ammoma was also evolved in large amounts None 
of the reduction products obtamed as above gave indol or skatol on fusion 
with alkahes, while the huminfi before reduction gave on similar treatment 
an unmistakable odor of both Samuelly also tried reduction with aino 
dust in a current of hydrogen From this treatment he obtamed pyndme, 
pyrrol-like substances, skatol, and small amounts of an aromatic com- 
pound of the bensaldehyde senes The same mvestagator prepared hinnm 
substances from some ammo-acids and glucose He“ heated for 18 hours 
a mixture of 10 gm of glucose, 60 co water, 16 cc concentrated HCl (sp 
gr 1 19), and sufficient amount of the different ammo-acids so as to have 
m the solution 0 7 gm of mtrogen He tned ammomum chlonde, urea, 
acetamide, glycocoll, aspartic acid, cystme, and tyrosme In each case 
he found nitrogen m the melanm No attempt was made, however, to 
determme whether the humin mtrogen formation was due to adsorption 
or to a defimte reaction It is mterestmg to note that all of the humma 
so prepared gave off pyrrol on dry distillation with rmc dust, no pyndme, 
and on fusion with alkahes only the humm prepared from tyrosme pro- 
duced an odor of mdol Nenob.” and Berdez*’ obtamed similar results 
with the natural melanms By alkab fusion these authors obtained from 
tumor melanm, mdol, skatol, volatile fatty acids, hydrocyamo acid, snc- 
cmic acid, and other umdentified products Pyrrol was obtamed on dry 
distillation, and after heatmg the melanm to SOO'C for some tune, upon 
addition of an alkali pyndme was detected 

Gortner and Blish’ heated pure rem, plus tryptophane, plus carbohy- 
drate in 22 86 per cent HCl, and obtamed 16 6 per cent of the total mtro- 
gen of the mixture m the humm form When tryptophane alone was 
heated with sugar m acid solution 86 56 per cent of its mtrogen was found 
m the humms On the other hand, when hiatidme plus zem was heated 
with acid only 0 61 jier cent of the total mtrogen was found m the humms 
This amount was almost the same as that obtamed when zem alone was 
heated m acid They did not try, however, heatmg zem, plus histidme, 
plus sugar, m acid Among the conclusions these authors draw from their 
experiments are the foUowmg (1) The humm mtrogen belongs to "no 
amtuo-acids other than tryptophane ” (2) "The reaction mvolved 
IS probably the condensation of an aldehyde with the — NH group of the 
tryptophane nucleus ” (3) Histidine can be ehmmated "as a factor m 

the formation of humm mtrogen ” 

Grmdley and Slater' have tned to applj the Van Slyke ammo mtrogen 
determmation directly to the analysis of feedmgstuffs As is to be expected. 


“ Samuelly, Brtlr cfiem Phys u Path , 1902, u, 383 
1* Nencki, M , and Sieber, N , ArcA exp Path u Pharvu, 18S7, xxiv 
17 

» Berdez, J , and Nencki, M , ArcA exp Path, u Pharm , 1886, xx, 346 
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number of them reacted with sugars TTiw experiments, however, were 
earned on in aqueous solutions at a very high concentration and tem- 
perature and it IS doubtful whether imder these conditions the reaction 
is similar to what takes place m the formation of either the “natural” 
or artificial melanins It will be shown later m this paper that not all 
the ammo-acids found reactive by Madlard reacted at all at low con- 
centration m water- Gortner and Bhsh^ made the important discovery 
that when tryptophane is boiled with sugar in 22 9 per cent hydrochlonc 
acid solution 86 per cent of its mtrogen is converted mto hnmm nitrogen 
They conclude from their experiments that tryptophane alone is responsi- 
ble for hunun formation Gnndley and his ooworkers* disagree with this 
conclusion smee they found evidence that other ammo-acids give the same 
reaction 

In view of these conflicting statements and m the hope that the 
study of the reaction between ammo-acids and carbohydrates 
would throw some hght on the structure and mode of formation 
of the humm substances, it was thought worth while to determine 
(1) Which ammo-acids react with carbohydrates under a given 
set of conditions (2) Whether dufferent sugars behave alike 
toward the same reactive ammo-acid (3) What group of the 
reactive ammo-acids tsikes part m the reaction 

BEVlKW OP THE LITBRATOHE 

Udr^nssky* and Hoppe-Seyler’ have shown that when sugar is boiled 
with acids humm substances are formed, and if boiled m the presence of 
a mtrogenous material, the humins may also contam mtrogen TJdrdns- 
iky found, for example, that glucose and urea boiled together m strong 
hydrochloric acid solution formed humins which contamed about 6 73 
per cent mtrogen 

Samuelly* was the first to study the behavior of humins, or “melanoi- 
dms,” towards oxidizing and reducing agents He prepared his “melanoi- 
dins" from commercial serum albumin aocordmg to Schmiedeberg’s'” 
method modified by himself He subjected his product to the action of 

' Gortner, R. A., and Bhsh, M J , J Am Chem Soc , 1916, xxxvu, 1630 
After this work was completed and sent for publication another article 
by Gortner on humm formation appeared (J Biol Chem , 1916, xxvi, 
177) In this article Gortner admits that ammo-acids other than trypto 
phane may be mvolved m humm formation, which is in harmony with 
the results reported here 

* Udrdnszky, h v , Z physiol Chem , 1838, xu, 33 

• Hoppe-Seyler, F , Z physiol Chem , 1889, xm, 66 
Schmiedeberg, O , Arch exp Path u Pharm , 1897, xxxix, 1 
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In the formation of this "artificial melanin” from tyrosine there is an 
mcrease in the mtrogen content from 7 74 to 13 74. Such an increase is 
only conceivable in one of two ways, either there is a breaking up of the 
tyrosme molecule, or some other nitrogenous substance besides tyrosme 
takes part in the formation of the melanin The latter must be the case 
smce tyrosmase, bemg but a weak oxidizing agent, would be unable to 
break down the benzene nucleus The nitrogenous compound that took 
part m the reaction must evidently have come from the tyrosinase prepara- 
tion Itself This black product also yields a skatol-hke odor on fusion 
with alkali In connection with the wide distribution of tyrosmase in 
both the vegetable and animal kingdom the following is quoted from 
Kastle’s monograph 

“Von Forth and Schneider are therefore of the opmion that probably 
wherever melanotic pigments occur m the hvmg tissues of the lower and 
higher anunals they ongmate as the result of the action of appropriate 
enzymes on substances of aromatic nature They point out m this con- 
nection that Salkowski and Jacoby have shown mdependently that ty- 
rosme results from the autolysis of various animal tissues It would seem 
likely, therefore, that m the formation of melanotic pigments two ferments 
are jomtly concerned one, an autolytic ferment capable of splittmg off 
tyrosme or a similar aromatic complex from the protem molecule, and the 
other tyrosmase, which transforms the tyrosme mto melanm ” 

But one of the most mt erestlng phases of the mvestigations on tinosmase 
is that relatmg to its effect on the products of protem degradation and re- 
lated substances Bertrand and Rosenblatt" ^ve found that this enzyme 
acts equally well upon racemic and I-tyrosme Chodat and Staub'* dis- 
covered that albumoses do not give a red color with tyrosmase but glycyl- 
tyrosme anhydride gives such a coloration In a later article'’ these 
authors observed that glycme, leucme, and alanme retard the action 
of tyrosmase, that dipeptides such as tyrosme anhydride, and glycyl- 
tyrosme anhydride produce yellow substances which do not become black 
as does tyrosme itself When, however, glycme, leucme, or alanme is 
present, a red coloration similar to that resulting from tyrosme is ob- 
tained glycyltyrosme anhydride with glycme gives a rose color changing 
to bluish green, with alanme the color is deeper red, with leucme deep 
brown But their most stnkmg discovery is that phenylalanme is not 
acted on by tyrosmase This, however, acts readily on p-cresol, less 
readily on m-cresol, and still less readily on o-cresol In fact these same 
authors observed that the enzyme acts most readily on the para-homo- 
logues of phenol Ammo-acids like glycme mcrease the rapidity of the 
action of tyrosmase on p-cresol, producing a violet color which ultimately 
becomes blue Bertrand undertook to mvestigate the action of tyrosmase 

" Bertrand, G and Rosenblatt, M , Compt Tend jSoc biol , 1908, cxlvi, 
304 

>• Chodat, R , and Slaub, Arch Sc Phys Nat , 1907, xxm, 265, nav, 
172 
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on account of the high carbohydrate content of these, the humin fraction 
m their nitrogen distribution is very high, vaiying from 3 85 per cent in 
blood mealtp 16 79 per cent m alfalfa hay, expressed as per cent of the total 
nitrogen In discussing the origin of these h umin suTbstances these mvesti- 
gators disagree mth the conclusion arrived at by Qortner and Bhsh, that 
the humin mtrogen of protem hydrolysis has its ongm exclusively in the 
tryptophane nucleus, since they have obtamed “results that clearly indi- 
cate that in addition to tiyptophane a number of other ammo-acids when 
gently boiled with 20 per cent HCl for 24 to 30 hours in the presence of 
pure glucose give humm mtrogen Prelimmary experiments show that 
under the above treatment 4 7 to 6 3 per cent of the total mtrogen of lysme 
and cystme respectively is separated ns humin mtrogen ” 

Smce Bourquelot and Bertrand discovered tyrosmase, this ensyme has 
received much attention from a great number of mvestigators Only 
that part of the work relatmg to the action of tyrosmase on the different 
amino-acids and related substanoes will be reviewed here ** 

The effect of tyrosmase on tyrosme is desonbed by Bertrand ” A solu- 
tion of tyrosme to which an extract of tyrosmase is added first becomes 
red, then inky black, and finally deposits a black precipitate He proved 
defimtely that atmoaphenc oxygen is essential to the change by conduot- 
mg experiments tn cocuo and in the air Von FOrth and Schneider” used 
the blood (hemolymph) of the pupae of a butterflv, Deiciphtla elpenor 
They separated the enzyme from the other substances m the blood by frac- 
tional precipitation with ammomum sulfate It was found to give a yel- 
lowish red substance with pyrochatechol , with hydroqumone it gave a 
red solution, which then became turbid and finally deposited a consider- 
able brownish precipitate It also acted on adrenalm, givmg a dirty brown 
color Oxyphenylethylamme became yellowish brown and finally gave 
an ohve-colored precipitate But tsTosmase has no action on casein 
itself The same authors isolated the black substance produced from ty- 
rosme by the tyrosmase of Detciphtla pup® and determmed its elemen- 
tary composition Below is given a comparison between the percentage 
composition of this black substance and of tyrosme respectively 



Black mbstasce (litimln) 
from tyroamo 

Tyroajne, 


per cent 

pfrctni 

c 

65 66 

69 60 

H 

4 45 

6 08 

N 

13 74 

7 74 

0 

26 37 

26 68 


“ Bourquelot and Bertrand, G , Bull Soc Mycol , 1896, xii, 18 A com- 
plete list of references up to the time of its publication is found m Kastle’s 
Oxidases, Bull Hyg Lab , 69 

1* Bertrand, G , Compt rend Soc bxoL, 1896, cxxu, 1216 
** Von FOrth, O , and Schneider, H , Beitr chem Phys u. Path , 1901, 
I, 229 
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Ib the fonnation of this “artificial melaain” from tyrosine there is an 
increase in the mtrogen content from 7 74 to 13 74. Such an mcreaae is 
only conceivable in one of tvo wayB, either there is a breaking up of the 
tyrosme molecule, or some other nitrogenous substance besides tyrosma 
takes part m the formation of the melanm The latter must be the case 
smce tyrosmase, bemg but a iveak ovidmng agent, would be unable to 
break down the benzene nucleus The mtrogenous compound that took 
part in the reaction must evidently have come from the tyrosinase prepara- 
tion itself This black product also yields a skatol-Iike odor on fusion 
with alka li In connection with the wide distribution of tyrosinase in 
both the vegetable and animal kingdom the following is quoted from 
Kastle’s monograph 

"Von Filrth and Schneider are therefore of the opinion that probably 
wherever melanotic pigments occur in the bving tissues of the lower and 
higher animals they onginate as the result of the action of appropriate 
enzymes on substances of aromatic nature They pomt out in this con- 
nection that Salkowski and Jacoby have shown mdependentlj that ty- 
rosme results from the autolysis of various animal tissues It would seem 
likely, therefore, that m the formation of melanotic pigments two ferments 
are jomtly concerned one, an autolybc ferment capable of sphttmg off 
tyrosme or a similar aromatic complex from the protem molecule, and the 
other tyrosmase, which transforms the tyrosme mto melanm ’ ’ 

But one of the most mteresfing phases of the investigations on tyrosmase 
is that relating to its effect on the products of protem degradation and re- 
lated substances Bertrand and Rosenblatt” have found that this enzyme 
acts equally well upon racemic and l-tyrosme Chodat and Staub'* dis- 
covered that albumoses do not give a red color with tyrosmase but glycyl- 
tyrosme anhydride gives such a coloration In a later article” these 
authors observed that glycme, leueme, and alanme retard the action 
of tyrosmase, that dipeptides such as tyrosme anhydride, and glyoyl- 
tjToame anhydride produce yellow substances which do not become black 
as does tyrosme itself When, however, glycme, leueme, or alanme is 
present, a red coloration similar to that resultmg from tyrosme is ob- 
tamed glycyltyrosme anhydride with glycme gives a rose color changmg 
to bluish green, with alamne the color is deeper red, with leueme deep 
brown But theur most stnkmg discovery is that phenylalamne is not 
acted on by tyrosinase This, however, acts readilj on p-cresol, less 
readily on wi-cresol, and still less readily on o-cresol In fact these same 
authors observed that the enzyme acts most readily on the para-homo- 
logues of phenol Ammo-acids like gljcme mcrease the rapidity of the 
action of tyrosmase on p-cresol, produemg a violet color which ultimately 
becomes blue Bertrand undertook to mvestigate the action of tyrosmase 

” Bertrand, G and Rosenblatt, M , Compi rend gSoc Inol , 1903, cxlvi, 
301 

'» Chodat, R., and Staub, Arch Sc Phyt Nat , 1907, xxm, 265, xnv, 
172 
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from wheat bran on compounda analogous to tyroame and to phenylalanine, 
that 18 , compounds with and without the phenoho hydroxyl group Thus 
he found phenylalamne, phenylethylamine, phenvlmethylamine, phenyl- 
aminoacetio acid, phenylpropiomo acid, phenylacetio acid, alamne, and 
glycocoll produced no coloration at all On the other hand the following 
compounds with phenoho hydroxyl groups produced coloration as follows 


Tyrosme 

p-Hydroxyphenylethylamme 

p-Hydroxyphenyhnethylamme 

p-Hydroxyphenylamme 
p-Hydroxyphenylpropiomo acid 
p-Hydroxybennoic acid 
p-Cresol 
Phenol 


Qrenadine-red, mky black. 
Grenadme-red, ohve-blaok 
Orange-yellow, orange-red, clear ma- 
roon 

Orange, mahogany-red, brown 
Orange-yellow, grenadme-red, brown 
Rose, orange, yellow 
Yellow, orange, red 
Yellow, orange, red, brown 


He concludes, therefore, that tyrosinase acts only on those compounds 
containing a phenolic group 

In 1907 Abderhalden and Guggenheim** published an mteresting arti 
cle on the effect of tyrosmase from Russula deltca on tyrosme, tyrosme- 
containing polypeptides and other related substances They observed 
that glycocoll, d-^amne, d-valme, Z-proIme, d-eerme, d-l-isosenne, and 
Z-phenylalamne retard the action of tyrosmase on tyrosme only shghtly un- 
less present m very large concentrations The largest concentration used 
was molar, Z-aspartic acid and d-glutamio acid, however, even when-pres- 
ent at a concentration of 0 01 molar retard the action considerably 
The same authors found that the en* 3 Tne has no effect on duodotyrosine, 
Z-phenylalanme, Z-prolme, or cystme But I- and d-tyrosme, homogen- 
tisic acid, and tryptophane showed a color change Particularly interest- 
ing was the case of d-tryptophane The authors state that at first they 
thought that the coloration with tryptophane may be due to traces of 
tyrosme They, however, used a very pure product They repeated 
their experiment but always came to the same result Furthermore, 
they tried the effect of tyrosmase on solutions of tryptophane-containmg 
pol 3 TJeptidea and found development of color They therefore conclude 
that this coloration must not be ascribed to the presence of traces of tyro- 
ame Still more mterestmg is the fact that neither mdol nor skatol were 
found to produce coloration Abderhalden and Guggenheim m the same 
article describe the effect of tyrosmase on polypeptides containing tyro- 
sme The color developed in these cases is modified to some extent by 
the nature of the ammo-acid combmed with the tyrosme in the polypeptide 
Addition of some ammo-acids were also found either to accelerate or to 
retard the action of tyrosmase on the polypeptide Thus proline acceler- 

'* Abderhalden, E , and Guggenheim, M , Z physiol Chem , 1907-03, 
hv, 331 



M L Roxas 


77 


ates confliderably the action of the oxidase on glycyW-tyroaine anhydnde, 
while aspartic acid and glutamimc acid retard the action On the other 
hand halogen denvativea of the polypieptides were not acted upon by ty- 
rosinase The same authors also found, as did Bertrand, that tyrosinase 
acta on phenol, giving a brown color, which was modified by anuno-acids 
Thus glycocoll plus phenol gave a cochineal color, whde probne and phenol 
gave violet The authors finally concluded that the anuno-acids, when 
present, apparently take part m the production of the pigment In a 
later article’° these same authors pomt out that tyrosmase acts on adrena- 
hn with the rapid production of a red color and ultimately dark red floc- 
cuh. All three isomers of adrenalm are affected with equal rapidity 
It IB to be regretted that m none of the above cited contributions was 
either arginine, histidine, or lysme tried It is hoped that this omission 
will be filled m the near future 


EXPEBQIEimJi 

The fact that zem, when boiled with glucose m 22 68 per cent 
hydrochloric acid solution, increases its humin nitrogen from 
0 66 to 1 84 per cent indicates, as Gnndley and his coworkers' 
suggested, that other anuno-acids besides tryptophane take part 
in nitrogenous humin formation Only a sm^ per cent of some 
of these anuno-acids may take part m this formation so that only 
by workmg with the mdividual anuno-acids is it possible to de- 
termine whether the h umin mtrogen was due to a defimte reac- 
tion or to an adsorption Agam it is only by workmg under 
approximately the same set of conditions that it is possible to 
detect differences m behavior between the different ammo- 
acids The followmg procedure was, therefore, adhered to as 
consistently as practicable 

The ammo-acid, plus sugar, plus 50 cc of water or hydrochloric 
acid solution of the specified strength was heated for 48 hours 
in a 300 cc Kjeldahl flask on a sand bath The flask was pro- 
vided with a reflux condenser made from a large test-tube fltted 
with cork and tubmgs for a current of cold water After heat- 
mg, the digestion mixture was neutralized with the calculated 
amount of sodium hydroxide solution The salt thus formed 
coagulated most of the precipitate that may have existed m a 
colloidal state m the solution. The mixture was then filtered mto 
200 cc graduated flasks and the humm was washed repeatedly 

»» Abderhfllden and Guggenheim, Z phynol Chem , 190S, Ivn, 329 
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with boiling water until the flask was filled to the mark This 
amount of washing was found to be sufficient to remove almost 
all of the adsorbed amino-acid which could be removed by this 
treatment alone The hunrm with the filter paper was then 
Kjeldahled The filtrate was either Kjeldahled or Van-Slyked 
or used for both detenmnations 25 cc portions were taken for 
the Kjeldahl and 10 cc portions for the Van Slyke deterimnation 
The mtrogen content of the ammo-acids was determmed either 
by Kjeldahl's or by Van Slyke’s method or by both The per 
cent of mtrogen was the only thmg used to establish the identity 
and punty of the compounds 
The foUowmg ammo-acids were furnished by Professor Hart 


Amino-ftdd 

Nitroean. 

Found Tliaoretical 


p^runi 

percfm 

Alanine 

IB 70 

15 75 

Cj^ne 

11 2-11 6 

11 67 

Tyrosme 

Lysine hydrobromide 

7 67 

7 72 

(2C,Hj<N<0, HBr H,0) 

14 72 

14 32 

Tryptophane 

6 44 (Ammo N) 

6 86 

Phenylalanine* 

6 95 

6 94 

• The phenylalanine was kindly furnished by Dr T B 
New Haven, 

Osborne of 

The foUowmg ammo-acids were prepared 


Amino-add. 

Nltrccan 

Found 

Tbeorttloal 


per eeni 

ptrecnt 

Leucine, from zein 

10 90 

10 70 

Prolme, from zem, also from gelatin 

12 20 

12 17 

(No ammo N) 

Glutaminio acid, from ghadin 

7 17 

7 64 

Argmme ffreel from gelatin 

29 95 

32 20 

Ammo N 

7 70 

8 04 

Histidme dihydrochlonde, from blood 

17 25 

18 42 

Amino N 

6 76 

6 14 


In the preparation of the above ammo-acids the directions 
given m Abderhalden’s Arheitsmethoden were followed The 
per cents of mtrogen found for arginme and histidme respectively 
were not qiute up to the theoretical, but smce the ammo mtrogen 
was almost one-fourth of the total m the argmme sample and one- 
thud m the histidme, it was evident that the samples of both 
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these ammo-acids ivere free from other ammo-acids, their low 
total mtrogen content bemg due to moisture The mtrogen 
determmations of these ammo-acids were made on the same day 
that the experiments on humm formation were started 

Due to the scarcity of material it was found impossible to 
recrystaUize some of the ammo-acids m order to obtam as pure 
a product as could be desired 

The results are shown m the followmg table All the experi- 
ments were m duphcate and average figures are given 

The results show that neither alanme nor leucme give humm 
mtrogen Glutammic acid when boiled with sugar m 2 per cent 
acid solution yields some humm mtrogen, but none m 20 per 
cent acid Attention is called to the fact that glutammic acid 
on heatmg even at the concentration used seems to form pyrro- 
hdon carboxyhc acid readily, as evidenced by the loss of activity 
of its ammo mtrogen m Experiments 13, 14, and 16 Such a 
formation does not take place m strong acid Phenylalanine 
yields about 1 66 per cent of its nitrogen m the humm m 20 per 
cent acid solution Prohne does not give humm mtrogen with 
glucose with 20 per cent acid, but seems to react to some extent 
with xylose and fructose m 4 15 per cent acid solution Cystme 
with 20 per cent HCl yields about 3 1 per cent humm mtrogen 
and the noteworthy fact about this ammo-acid is the deeply 
colored filtrate it produced The same was observed with the 
filtrate from the tyrosme-sugar experiments As much as 16 
per cent of tyrosme mtrogen may be converted mto humm mtro- 
gen 

The cases of the three hexone bases are particularly m- 
terestmg When boiled with sugars m 20 per cent HCl solution 
all three yield some of their mtrogen as humm mtrogen Ar- 
ginme and lysme, with sugar, give more deeply colored filtrates 
than histidme If the deep coloration of the filtrate mdicates 
reaction, then it must be stated defimtely that m the case of 
cystme, tyrosme, arginme, and l 3 r 8 me m 20 per cent HCl, the hu- 
mm mtrogen is due to a reaction and not to an adsorption An- 
other fact that supports the contention that a d efini te reaction 
IS responsible for hu mm formation at least m the case of tsuosme 
IS that phenylalamne gives but httle humm mtrogen If this were 
a case of adsorption, then there should probably be no differ- 
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- Hi 
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0 

Total 

N 

' found 
(col- 
umn 1 
+ col- 
umn 2) 


6 

Amino 

N 

differ- 

ence. 

Tnc 

0 10 

0 17 

-0 02 

-0 03 

0 04 

0 0 

0 03 

0 00 

- g'Si^ss 

mi 

13 98 

13 98 

13 98 

13 98 

6 B5 

14 36 

14 36 

14 38 


SoS 

Eco« 

2 

Total 

N 

infil- 
trate 
OCiel- 
1 da]^ 

£ 

. 

5=3 

11 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

fta 

Treatment 

Alanine 

0 089 gm + 20 per cent HCl 

0 089 gm + 0 720 glucose + 20 per 
cent HCl 

0 089 gm + 0 600 gm xylose + 20 
per cent HCl* 

0 089 gm +0 720 gm fructose + 20 
per cent HCl 

0 080 gm + 2 0 gm glucose + 20 
per cent HCl 

0 0416 gm + 0 720 gm glucose + 
20 per cent HCl 

Leucine 

0 131 gm + 4.16 per cent HCl 

0 131 gm + 0 720 gm glucose + 

4 16 per cent HCl 

0 131 gm + 0 720 gm fructose + 

4 16 per cent HCl 

*C ** 

r-.oooj 


* Ootermuiation loat 
















0 131 gm + 0 720 gm glucose 
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K 

Filtrate brcrmush 

“ yellowish brown 

“ brownish 

a {< 

tt u 

“ yellowish brown 

« (( 

brownish car- 
mine 

7 

Total 

N 

calcu 
la ted 

12 22 

12 22 

12 22 

12 22 

30 70 

119 6 

119 6 

119 6 

8 

Total 

N 

found 
(ool 
umn 1 
+ col 
umn 2) 

mg 

117 34 
98 4 
per 
cent 

118 27 
99 o' 

per 
cent 
116 35 
90 3 
per 

1 cent 

-< *5 ® 

mff 

0 01 

-0 02 

0 27 

0 06 

0 70 

0 25 

7 20 


mg 

12 22 

12 02 

11 38 

10 89 

26 06 

28 90 

28 96 

28 9C 

J =s s5 

< S-'-m 

jffg 

12 22 

12 01 

11 40 

10 62 

26 00 

28 20 

28 70 

) 21 70 

„ Iodise 
f2^sSw| 

mg 

116 00 

116 60 

116 OC 

1 

Humin N 
(EJeldahl) 

mg 

0 00 

0 20 

0 84 

1 33 

4 64 

2 34 

1 97 per cent 

2 77 

2 33 per cent 

0 36 

0 29 per cent 

Treatment 

Tyrosine 

0 1686 gm + 20 per cent HCl 

0 1688 gm + 0 720 gm glucose + 

2 6 per cent HCl 

0 1686 gm + 0 720 gra glucose + 
20 per cent HCl 

0 1686 gm + 2 0 gm glucose + 20 
per cent HCl 

0 400 gm + 2 0 gm glucose + 20 
per cent HCl 

Arginine 

0 400 gm + 2 0 gm glucose + 20 
per cent HCl 

1 0 400 gm + 2 0 gm fructose + 20 
per cent HCl 

0 400 gm + 2 0 gm glucose + water 

go O 

SfS ^ fs s s 
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ence m behavior between tyrosine and phenylalanine In aque- 
ous or very weak acid solution argmme, histidine, and lysine 
evidently react with sugar as indicated by the highly colored 
solutions produced and by the loss of activity of a large fraction 
of their amm o nitrogen Thus, when argmme plus glucose 
was boded m water there was a very deep coloration of the solu- 
tion (Experiment 39), and at least 25 per cent of the ammo mtro- 
gen became inactive towards nitrous acid Lysme behaved 
s imil arly (Experiment 42), 17 per cent of the ammo mtrogen 
beco min g inactive towards mtrous acid Histidme acted like- 
wise (Experiments 47 and 51), 16 2 per cent of its ammo mtro- 
gen becommg mactive These facts show that m the cases of 
histidme and argmme the a-anuno mtrogen takes part m the 
reaction In the case of lysme it is difficult to establish which 
ammo group is reactive, smce at the time the ammo mtrogen m 
the filtrate was determined the temperature m the laboratory 
was about 35°C and at this temperature it was found that both 
the a- and the e-ammo group of lysme react with mtrous acid in 
5 mmutes, as may be seen m the ammo mtrogen determmation 
of the filtrate (Exiienments 40 to 42) It is to be noted that m 
these cases some loss of mtrogen also took place It may be 
that durmg the reaction some ammonia was given off 

The result with tryptophane is m agreement with the work of 
Gkirtner and Bhsh^ m that a greater portion of the tryptophane 
mtrogen is converted mto humm The strength of the acid used 
here and the different procedure followed may account for the 
difference m the per cent of tryptophane mtrogen found m the 
humm which accordmg to the above named authors was 86 per 
cent while m these experiments only about 71 per cent was ob- 
tamed Due to a lack of material it was impossible to repeat the 
experiment with tryptophane 

In order to determme which atomic groupmgs m tyrosme, 
cystme, and tryptophane were responsible for humm formation, 
the humm from each one of these ammo-acids was dissolved 
m 0 1 N alkah and Van-Slyked It was beheved that if the ammo 
groups m this hu mm remamed mtact they should still give the 
nitrous acid reaction The results are as follows 



TABLE I— Concluded 


86 


Hmmn Formation 


1 

I 1 Si 

S t ■ ■ 1 * 

Is §• t 

0 to w « a o 

« •-. • ^ ^ p 

ej 

1 , - . „ . 1 

- Ml 

^ g s 


mo 

68 8(1 
99 8 
per 
cent 

67 90 
98 4 
per 

cent 
35 40 
100 0 
per 
cent 

33 61 
94 6 
per 
cent 

19 26 
98 8 
per 

6 

Amino 

N 

differ 

ence 

mo 

2 27 

-0 60| 

-1 OO 

0 12 

2 30 

-0 01 

4 

Calcu- 

lated 

amino 

N 

bai- 

trate. 

„ S S § § ^ fl 

® s S3 as S ” 

" j'liii 

mo 

11 63 

23 20 

23 40 

11 68 

8 70 

2 73 

1 


mo 

68 00 
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“ 

rrtff 

0 68 

1 62 per cent 

0 80 

1 16 per cent 

0 77 

1 12 per cent 

0 00 

0 21 

0 32 per cent 

13 82 

71 0 percent 

1 

Treatment 

0 1016 gm + 0 600 gm xylose + 
water 

0 400 gm + 2 0 gm glucose + 20 
per cent HCl 

0 400 gm + 2 0 gm fructose + 20 
per cent HCH 

0 200 gm + 1 0 gm glucose + water 

0 200 gm + 1 0 gm fructose + water 

Tryptophane 

0 1614 gm + 1 0 gm glucose + 20 
per cent HCl 

1 
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ence in beliavior between tyrosine and phenylalanine In aque- 
ous or very weak acid solution arginine, histidine, and l 3 ^ine 
evidently react with sugar as indicated by the highly colored 
solutions produced and by the loss of activity of a large fraction 
of their ammo mtrogen Thus, when arginine plus glucose 
was boiled m water there was a very deep coloration of the solu- 
tion (Experiment 39), and at least 25 per cent of the ammo nitro- 
gen became inactive towards mtrous acid. Lysme behaved 
similarly (Experiment 42), 17 per cent of the ammo mtrogen 
beco min g mactive towards mtrous acid Histidme acted like- 
wise (Experiments 47 and 51), 16 2 per cent of its ammo mtro- 
gen beco min g mactive These facts show that m the cases of 
histidme and arginme the a-ammo mtrogen takes part m the 
reaction In the case of lysme it is difficult to estabhsh which 
ammo group is reactive, smce at the time the ammo mtrogen m 
the filtrate was determined the temperature m the laboratory 
was about 35°C and at this temperature it was found that both 
the a- and the eammo group of lysme react with mtrous acid m 
5 mmutes, as may be seen m the a mm o mtrogen detenmnation 
of the filtrate (Experiments 40 to 42) It is to be noted that m 
these cases some loss of mtrogen also took place It may be 
that durmg the reaction some ammonia was given off 

The result with tryptophane is m agreement with the work of 
Gortner and Bhsh^ m that a greater portion of the tryptophane 
mtrogen is converted mto h umin The strength of the acid used 
here and the different procedure followed may account for the 
difference m the ■per cent of tryptophane mtrogen foimd m the 
h umin which accordmg to the above named authors was 86 per 
cent while m these experiments only about 71 per cent was ob- 
tamed Due to a lack of material it was impossible to repeat the 
experiment with tryptophane 

In order to detenmne which atomic groupmgs m tyrosme, 
cystme, and tryptophane were responsible for humm formation, 
the humm from each one of these ammo-acids was dissolved 
m 0 1 N alkab and Van-Slyked It was beheved that if the ammo 
groups m this humm remamed mtact they should stfll give the 
mtrous acid reaction The results are as follows 
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Homin nitiQccn Keactivv irith HKOi 
mi mi 

Tyroaine 2 860 2 45 

Cystine 0 S74 0 88 

Tryptopliane 13 820 1 90 

From these results it must be concluded that m the case of 
tyrosme and cystme it was not the ammo group that reacted 
with sugar to form humm but some other group, probably the 
(OH) m tyrosme and the (S-S) m the case of the cystme If this 
were the case, then the cystme would presumably imdergo re- 
duction before reactmg with the sugar 
In order to determine whether, as Gortner and Bhsh suggested, 
the furfurol obtamed from sugar was responsible for the reaction. 
Experiments 54, 65, and 66 were performed as follows 


Ezx>6riznent 


Humin N* 

Per cent of 

No 



mg 

total N 

S4 

0 2 gm cystme + 2 oc 

furfurol + 20 




per cent HCl 


7 00 

32 0 

66 

0 2 gm tyrosme -|- 2 co 

furfurol -f 20 




per cent HCl 


8 40 

66 0 

56 

0 2 gm arginme + 2 cc 

furfurol + 20 




per cent HCl 


12 76 

21 6 


These results tend to show that the furfurol formed from sugars 
under the influence of acids may to a great extent be responsible 
for humm formation 

As to the effect of the different sugars on the reactive ammo- 
acid, Experiments 20, 21, 22, 29, 38, and 46 show that xylose 
and fructose give higher results than glucose as a rule This is 
to be expected, if it is admitted that furfurol or some other sim- 
ple aldehyde is the active substance m these reactions 

DISCUSSION OF RESULTS 

Some evidence is given which shows that the a-ammo groups of 
arginme, histidme, and tryptophane take part m the reaction 
with sugars On the other hand, the a-ammo groups of alanme 
and leucme are unable to give the same reaction Glutammio 
acid and phenylalanme, although givmg some humm mtrogen, 
likewise furnish no mdication of reaction At least for the pres- 
ent it may be admitted that the humm mtrogen m these cases — 
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glutanumc acid and phenylalanine — ^was due to adsorption and 
not to a reaction It was also sho'wn that m tyrosine the reactive 
group IB presumably the (OH) and surely not the a-NH* In 
cystme, as shown above, the a-amino group remained intact, 
so that presumably the reaction was with the mercaptan group 
The question may then be asked "Why are the a-NH* groups of 
arginme, histidme and tryptophane more reactive than those 
of the other ammo-acids? An attempt to exp lain this difference 
m behavior of the ammo-acids towards carbohydrates, based 
on the present work and on some of the contributions reviewed 
m the first part of this paper, is here offered It is generally 
stated that the properties of a compound are functions of its 
structure It is, therefore, to the structure of these ammo-acids 
that we must look for an explanation of their different behavior 
towards carbohydrates The structural formulas of histidme, 
tryptophane, and arginme are given below 


CH 

/\ 

N N— H(b) (o) 

I 

H-C = C— CH,— CH 
(a) I 

CCX)H 

Histidme 


NH, 

/ 

NH=C 

\(f) 

NH-CH, 

\ 

CHj 

/ 

NHj — CH — CHa 

(h) \ 

COOH 

Argmine 





CH-COOH 


NH 
(d) 

TriTitoplMme 


Several mvestigators have advanced the idea that humm 
formation is dependent on the presence of labile hydrogen m 
the ammo-acid molecule (Samuelly, Gnndley and Slater, etc ) 
Evidently judgmg from the results of the present work the two 
hydrogens of the a-ammo groups of alanme and leucme are not 
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labile enough to give condensation products with carbohydrates 
at least under the conditions of these experiments 
In histidme, arguune, and tryptophane, however, there are 
other labile hydrogens (a, b, o, d, e, f) The positions of these 
labile hydrogens with respect to the a-ammo group are very favor- 
able for ling formation The reaction with a carbohydrate 
or furfurol may very well be thought of as takmg place as follows 


Histadine 


H 


ya 

NH— (y 


•H 


CH C-R 
N Nga O HlNH 

I I ' I 


or CH 


I \X)OH 


— Cp O HjNH 


A COOH 
H 




Tryptophane 



R 

in IV 


Arsinfne 


NH^N- 

C 


\ xCHj 

NH^ »OH,'NHC<: 

y-' 

H— C COOH 




V 
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The following facts tend to support the idea of nng formation 

1 The intense color of the products 

2 Miss Horner*^ m her work on the condensation products 
of tryptophane with aldehydes, speaking of the action of glyoxal 
on this ammo-acid, states 

“Takuig mto consideration the necessity of the presence of an oxidiz- 
ing agent and also the fact that the substance produced is intensely colored 
it IS highly probable that m this reaction, besides the simple aldehyde 
condensation there has also been elimination of hydrogen 

accompamed by complex nng formation ” 

3 The fact that pyndme was obtained by Samuelly from his 
“melanoidms,” was at one time used as an argument to mdicate 
that a pyndme nucleus was found m proteins This idea has 
been disposed of by 'Flmil Fischer’s work on proteins, but the fact 
remains that pyndme is foimd m the humm formed from pro- 
teins This occurrence may be explamed by Reactions II and IV 
thus 



4 The action of tyrosmase on tyrosme tends to support the 
idea of nng formation Tyrosmase produces coloration with 
tryptophane but not with mdol, skatol, or glycocoU There- 
fore, the formation of the highly colored product requires the 
pecuhar structure of tryptophane This formation may be con- 
sidered as taking place m the m ann er descnbed above 

The differences m behavior between histidme, arginme, and 
tryptophane may agam be referred back to the differences in 
their structure Tryptophane bemg already a complex com- 
poimd with a benzene and a pyrrol rmg may form an insoluble 
four-rmged compound with furfurol, which is extremely resist- 

n Homer, A., Biochem, J , 1913, vii. 111 
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labile enough to give condensation products with carbohydrates 
at least under the conditions of these expemnents 
In histidme, argmine, and tryptophane, however, there are 
other labile hydrogens (a, b, c, d, e, f) The positions of these 
labile hydrogens with respect to the a-amino group are very favor- 
able for nng formation The reaction with a carbohydrate 
or furfurol may very well be thought of as taking place as follows 


Histidioe 



T^ptophane 



Arglnfiie. 

NHi^^N — CHj — CH, 

C A. I 

\ yOHt 

«oh;nhc< 

H— <; COOH 


V 
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CONCLTOIONS 

1 Alanine, leucine, phenylalanine, and glutaminic acid may be 
e limin ated as important factors m humm formation, when sub- 
jected to the treatment used m these e’qienments Prohne, 
however, under certain conditions may be involved m humin 
formation 

2 The following ammo-acids were responsible for humin 
formation, and m digestions, with 20 per cent HCl plus sugar, 
the proportion of their mtrogen disappearmg was Tyrosme, 15 0, 
cystme, 3 1, arginine, 2 33, lysme, 2 62, histidme, 1 84, trypto- 
phane, 71 0 per cent 

3 Xylose and fructose were as a rule more reactive than 
glucose 

4 Arginine, histidme, and lysme reacted with sugars more 
readfly m weak acid or aqueous, than m strong acid solutions 

5 Axgimne, histidme, and tryptophane reacted with loss m 
reactivity of their ammo mtrogen towards mtrous acid, but 
tyrosme and cystme reacted without any such loss 

6 A possible mode of reaction is suggested 

It IS with pleasure that the writer acknowledges his obhgation 
to Professor E B Hart, Chief of this Department, for givmg 
him this problem, and for his many valuable suggestions durmg 
its execution 
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ant to the action of acid This will explain why tryptophane 
IS converted into humin almost quantitative!} On the other 
hand furfurol may form with histidme and arginine products 
which are still more or less soluble and m the presence of strong 
acid may be hydrolyzed back to the free a mm o-acids Thus 
as m the case of glutammic acid, no formation of a rmg com- 
pound takes place m strong hydrochloric acid solution This 
view will explam why m weak acid or m aqueous solution both 
histidme and arginme react more readily to form colored products 
than m strong acid solution 

It IS not claimed that the reaction given above gives the actual 
structure of the melamn molecule, smce no evidence is available 
to mdicate what happens to the rest of the molecule of the ammo- 
acids durmg the reaction with sugars This theory on humm 
formation is given here m the hope that it may serve as a gmde 
for future work on the structure of these compounds 

No evidence was found m the present work to explam Samu- 
elly’s findmg that when the humm obtamed from sugar plus 
tyrosme was fused with alkahes, an odor of mdol was obtamed 
It might have been possible that the tyrosme used contamed 
traces of tryptophane which would explam the production of 
mdol Likewise the fact that pyrrol was obtamed from his 
“melanoidins” can be traced back to the presence of the trypto- 
phane nucleus m them 

Almost aU of the experiments recorded m this paper were done 
with smgle ammo-acids There was found evidence (Experiment 
31) to show that the reaction would be different, at least m the 
case of cystme and tyrosme, if other ammo-acids were present 
m the reaction mixture with sugar If cystme and prolme were 
boiled together in the presence of glucose and 20 per cent HCl 
a larger amount of cystme mtrogen disappeared m humm forma- 
tion than when cystme was boiled alone The same was true 
when tyrosme and prohne were boiled together It would, 
therefore, be mterestmg to study the behavior of mixtures of 
different ammo-acids when boiled with sugars, both m acid 
and aqueous solutions Abderhalden and Guggenheim'” work- 
mg with tyrosinase along this same Ime already concluded that 
other anrmo-acids, when present, apparently take part m the 
production of the pigment. 
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Cornell University, Ithaca.) 
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The determination of urea m blood and urme has been made 
both simple and accurate by the urease method of Marshall^ 
as developed by Van Slyke and Cullen * For some time the 
writer has had need of a suitable modification of this method m 
order to determine urea and ammonia m muscle and other tissue 
Mar^ll^ has successfully applied his urease method to the analy- 
siB of tissue, extractmg with several portaons of alcohol The 
writer m collaboration with Fiske,’ has used a similar method of 
extraction with alcohol, applymg the method of Fohn and Denis * 
This procedure is apparently accurate but is tedious 

On account of the ease with which urea is capable of diffusmg 
through cell membranes,® it appeared that the urease solution 
might be allowed to act directly upon the tissues contammg urea, 
provided these tissues were ground finely, and enough tune were 
allowed for the process of diflrusion At first the author tried 
grmdmg muscle with sand m a glass mortar, but gave up this 
procedure as unnecessary when it was foimd, a httle later, that even 
coarsely chopped muscle tissue gave as high values for urea as sam- 
ples that had been ground with sand to a very fine powder That 
the urea quickly diEFuses out of even rather coarsely chopped 

' Marshall, E K., Jr , J Biol Chem , 1913, xv, 493 Marshall, E K , 
Jr , and Davis, D M , ibid , 1914, xviu, 63 

’Van Slyke, D D , and Cullen, G E, J Biol Chem, 1914, xix, 211, 
1916, mv, 117 

’ Fiske, C H., and Sumner, J B , J Biol Chem , 1914, xvui, 288 
’ Folm, O , J Biol Chem , 1912, xi, 507 
‘ Gryns, G , Arch gee Physiol , 1898, Ixiu, 86, and others 
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muscle was shown by the fact that samples allowed to stand m 
urease solutions for J hour gave, upon aeration, no lower figures 
for urea than did samples that had been allowed to stand with 
urease for 1 and 2 hour mtervals This fact makes it possible to 
determme urea m muscle directly, and the writer sees no reason 
why it may not be determmed m the same manner m any other 
tissue 

Van Slyke and Cullen have stated that the accuracy of the 
urease method is limited only by the error mvolved m titration, 
but I have found the greatest error to be m the process of aera- 
tion The use of methyl red as mdicator, of Jena glass, of suf- 
ficiently dilute acid and alkah solutions, of cahbrated burettes, 
of a vertical plate glass mirror 2 feet back of the burettes as a 
means of avoidmg parallax, and the preeaution — as Van Slyke 
and Cullen advise — of keepmg rubber stoppers and tubmg from 
contact with strong alkalis and acids, make the process of titra- 
tion an exceedmgly accurate one 

EXPERIMBNTAL PART 

Fkesh muscle was obtamed from cats and gumea pigs They 
were etherized, killed by bleedmg, and skinned, and the more 
accessible muscles removed with as httle fat and fascia as pos- 
sible This muscle was mmcedm a "Universal” meat chopper 
In order to obtam the tissue as homogeneous as possible, it was 
usually put through the meat chopper four or five times The 
ground muscle was then transferred to a rubber-stoppered weigh- 
mg bottle A long glass spatula was found most useful m trans- 
ferrmg samples of material to the bottoms of the large test-tubes 
(23 X 200 mm ) 9 cc of water m jxirtions were used to wash this 
spatula and to rinse down any bits of muscle that had stuck to 
the sides of the test-tubes The most convement weight of 
muscle to take as a sample was found to be from 2 to 3 gm If 
larger amounts of muscle are used more water should be added 
to prevent the mass from becoming pasty 1 cc of a 6 per cent 
urease solution accurately made up was then added, the mixture 
well stirred with the end of the glass aeration tube, and after 
standmg for \ hour or longer the process of aeration was earned 



J B Sumner 


97 


out For the detennmation of ammonia m musde the mixture 
was stirred and aerated at once 

As the ground muscle was always found to be acid, no acid phosphate 
was added to it, and there was no danger from loss of ammonia 

The urease used was made by the method of Van Slyke and Cullen,* 
with the modification that less water was employed in the extraction of 
the urease, and a larger volume of acetone was used to precipitate it 
The ammoma content of this dry preparation was carefully determmed 
New urease solutions were made up each day, and kept on ice The au- 
thor found it convement to weigh out the urease mto a large glass mor- 
tar and add the desired amount of water from a pipette, gnnd, and then 
transfer to a flask. 

With the exception of the urease, all the reagents used were purified until 
almost absolutely free from ammoma The potassium carbonate was 
made ammoma-free by boilrng its solution to dryness, and heatmg until 
anhydrous 

For the hberation of ammoma, 5 gm of anhydrous potassium 
carbonate were added to the solution, m which there were always 
present 10 cc of water The acid used for absorbmg the am- 
monia set free was 0 01 N, and the alkah used m r unn i n g back, 
0 0088 n In order to mcrease the height of the absorbmg 
column of acid, 10 cc of water were always added, this made a 
height m the test-tube of 6 to 7 cm , and under the conditions of 
the experiments allowed no measurable amount of ammonia to 
escape With alkah even as ddute as 0 0088 n it was found that 
by using methyl red as mdicator, and a standard end-pomt of 
sodium acetate and acetic acid, titrations could be run to withm 
a very small fraction of a drop of alkali The acid and alkali 
solutions were never allowed to come mto contact with any but 
Jena or “nonsol” glass, with exception of the burettes which were 
well seasoned, Jena glass absorption tubes were used Both aera- 
tion and absorption tubes were provided with eight small holes, 
as Van Slyke and Cullen advise One drop of capryhc alcohol 
was added to the test-tube contammg the acid and fifteen drops 
to the aerated mixture The time of aeration was usually 40 mm- 
utes with an air current of 2 to 3 liters per mmute, alwai’s run 
slowly for the first 3 nunutes 

It was found that when the speed of aeration was 5 hters per mmute, 
as advised by Van Slyke and Cullen, it was necessary to keep the test- 
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tubes containing the acid stoppered and to fit them with wide (8 mm ) 
bent lubes as traps to prevent loss of acid by spattering Much more 
serious was the spattering of alkali from the test-tubes containmg the 
aerated mixture I found that no amount of capryho alcohol would pre- 
vent the passing over into the acid of very slight amounts of fine spray 
Although the alkali blown over with an air current of 6 liters per mmute 
16 very small in amount (usually 0 1 co of 0 01 n alkah with 20 mmutes' 
aeration), this is not a negligible factor when 0 6 mg or less of mtrogcn 
is bemg dealt with When the aeration is at a rate of not more than 3 
liters per minute, this source of error is much lessened The rate of aera- 
tion was measured by means of a Junkers gas meter and also by the method 
devised by Kober and Graves ‘ 

Below are some results obtamed by this method 

TABLE I 


Cal Muscle 


Weigh t. 

Ur«aM aoiecL | 

Mg. per 100 gm. jnoiBt mtitelf 

Urea end NHi N 


Cm 

fcv 1 



1 767 

i 

28 0* 


2 183 

i 

27 4* 


2 096 

2 

28 4 


1 811 

2 

28 6 


1 880 

2 

28 7 


1 177 




1 486 





* Once through chopper 


TABLE II 


Ownea Pig Muscle 


2 422 

1 

21 0 


2 476 

1 

20 6 


2 777 

1 

21 0 


2 760 



14 6 

3 165 



14 1 

2 621 



16 3 


• Kober, P A , and Graves, S S , J Am Chem Soc , 1913, xxxv, 1694 
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TABLE m 


Gvxnra Pig Muscle 


3 190 

3 063 

2 687 

2 624 

3 246 

2 691 

1 

1 

1 

1 

1 

26 8 

26 4 

26 1 

26 3 

13 0 

13 9 


4 hrs 

later 



1 

30 2 



1 

30 1 





16 4 




16 1 


TABLE IV 


Cat Muscle 


Weigibt. 

XJree» acted. 

1 Mg. per 100 pn» mcdst musde. 

Urea bnd KHa N 

NH.N 


hrt 



2 616 

i 

24 9 


2 166 

i 

26 7 


2 660 

i 

24 8 


3 193 


26 3 


2 632 


24 7 


2 001 

1 ^ 


13 0 


4 hra 

later 


2 990 

i 

24 6 


1 973 

i 

24 0 


2 164 

2 

25 0 


2 000 



16 0 
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tubes containing the acid stoppered and to fit them with wide (8 mm ) 
bent tubes as traps to prevent loss of acid by spattering Much more 
serious was the spattering of alkali from the test-tubes containing the 
aerated mixture I found that no amount of caprylic alcohol would pre 
vent the passing over mto the acid of very slight amounts of fine spray 
Although the alkali blown over with an air current of 6 liters per minute 
IB very small in amount (usually 0 1 co of 0 01 n alkah with 20 mmutes’ 
aeration), this is not a negbgible factor when 0 6 mg or less of mtrogen 
IS bemg dealt with When the aeration is at a rate of not more than 3 
liters per minute, this source of error is much lessened The rate of aera- 
tion was measured by means of a Junkers gas meter and also by the method 
devised by Kober and Graves • 

Below are some results obtamed by this method 

TABLE I 


Cat Muscle 


Weight. 

Ureflae aot«d 

Ms. x>er 100 Em 

moist mnsds 

Urea and NHi N I 

NH.N 


An 



1 767 

\ 

28 0* 


2 183 

§ 

27 4* 


2 095 

2 

28 4 


1 811 

2 

28 6 


1 880 

2 

28 7 


1 177 



10 4 

1 486 



10 0 


* Once through chopper 


TABLE n 


Omnea Pig Muscle 


2 422 

1 

21 0 


2 476 

1 

20 6 


2 777 

1 

21 0 


2 760 



14 6 

3 165 



14 1 

2 521 



16 3 


• Kober, P A , and Graves, 8 S , J Am Chem Soc , 1913, xxiv, 169^ 
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To avoid clianges that might take place m chopped muscle, 
analyses were always started as qmckly as possible, the urease 
bemg added usually withm 40 mmutes after the death of the am- 
mal In order to observe whether any changes which would 
affect the figures for urea and ammonia did take place withm the 
first few hours, I have, m a number of experiments, allowed the 
muscle to stand for a period of about 4 hours at room tempera- 
ture (24-30°C) and then carried out other analyses The re- 
sults show that there always occurs a shght mcrease m am- 
moma but do not allow any conclusion to be drawn with respect 
to the urea content except that its changes are mconsiderable 
The results published m this paper are beheved to show that the 
determination of urea and ammonia m small samples of muscle can 
be carried out qmckly and accurately by the method described 



100 


Urea and Ammonia m Muscle 


TABLE V 


Guinea Pig Muscle 


2 463 

2 696 

2 717 

2 690 

2 269 

i 

i 

i 

26 6 

27 0 

26 6 

■ 


4 hrs 

later 


2 271 

i 

27 6 


2 176 

i 

28 0 


2 378 

i 

27 9 


2 316 



13 8 

2 310 



13 8 


TABLE VI 



Cat Muscle 


1 958 

1 

h 

32 1 

1 

2 266 


32 7 


1 678 

1 

32 3 


2 266 



12 6 

2 217 



12 1 


4 hrs 

later 


2 060 


■IH 


1 975 




2 693 


31 0 


2 302 » ^ 

' 1 

31 4 


2 419 



13 0 

1 626 



14 6 


CONCLUSION 

It IS noteworthy that the ammonia content of muscle should 
be BO much higher than that of blood, the ammonia content of 
cat’s blood bemg usually less than 1 mg per 100 cc Marshall 
and Davis^ give figures for urea m the various tissues of dogs 
but make no mention of havmg made anal 3 ^es for ammonia, or 
of havmg taken this mto account 

I Marshall and Davis, J Biol Chem , 1914, 'cnii, 63 
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To avoid changes that might take place m chopped muscle, 
analj^ses were always started as qmckly as possible, the urease 
bemg added usually withm 40 minutes after the death of the am- 
mal In order to observe whether any changes which would 
affect the figures for urea and ammoma did take place withm the 
first few hours, I have, in a number of experiments, allowed the 
muscle to stand for a period of about 4 hours at room tempera- 
ture (24-30°C) and then earned out other analyses The re- 
sults show that there always occurs a shght increase m am- 
monia but do not allow any conclusion to be drawn with respect 
to the urea content except that its changes are mconsiderable 
The results published m this paper are beheved to show that the 
detemunation of urea and ammonia m small samples of muscle can 
be carried out qmckly and accurately by the method described 




THE CHYMASE OF SOLANUM ELAEAGHTFOLIUM 

A FRELIMINAHT NOTE 

Bt a bodansky 

(From the Department of Physiology and Biochemistry, Medical College, 
Cornell Unieersily, Ithaca ) 

(Received for publication, July 27, 1916 ) 

In the fall of 1915 the -writer’s attention -was called to the use 
hy the Mexicans of New Mexico and Arizona of the berry of 
a certain weed as a substitute for rennet in the coagulation of 
milk. The plant was identified by Professor K M Wiegand, 
of the Department of Botany of the New York State College of 
Agnculture, as Solanum elaeagmfoltum Cav ^ The -widespread 
occurrence of vegetable chymases* suggested the presence of a 
chymase m the beny of this plant, and the -writer undertook to 
test the supposition * 

The entire berry of Solanum elaeagntfolium was used It 
was collected m the late fall and was air-dry when received at 
the laboratory After a few prelimmary tests of the powdered 
berry and of its aqueous extract, which gave positive results, 
a more stable sohd preparation was made as follows 

The hemes were ground and the coarse powder obtained was 
extracted by percolation -with a 5 per cent sodium chloride solu- 
tion, containmg a few drops of the essential od of mustard, at a 
temperature of 5-lO'’C , after preliminary maceration for 24 

' 'WootoTi, E O , and Standley, F C , Conlnb D S Nat Herbarium, 
1915, XIX, 573 

• Gerber, C , Compt rend Acad 1907-1913, and Compt rend Soc biol , 
1907-1913, a summary of the investigations of vegetable chymasea is con- 
tamed m J Effront’s Lea Catalyseurs biochumques dans la vie et dans 
I'lndustne, Pans, 1914, pp 89 ff 

* The imter is mdebted to Mr L E Freudenthal, of Solomonville, Anz , 
for the information which suggested the present work. The supply of the 
plant used in the preliminary experiments was obtamed through the cour- 
tesy of Mr Ph Freudenthal 
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hours at the same temperature The hqmd extract was clear, 
the first portions bemg brownish green m color, and the subse- 
quent portions yellow This extract was poured into thirty 
volumes of acetone, with constant shakmg The precipitate 
settled rapidly, leavmg a clear supernatant hqmd The pre- 
cipitate was transferred to a Buchner filter, sucked dry, then 
dried in vacuo over sulfuric acid The powder obtamed went 
easily mto solution m water * 

In order to obtam comparable results m testa of the enzyme 
preparation, a milk of unif orm composition was required An 
artificial milk, similar to the one used by Blum and Fuld for 
testing gEistnc jmce,* was prepared by mixin g one part of powdered 
skimmed milk (Merrell-Soule) with mne parts of water, filter, 
mg the mixture through a thm layer of cotton, heatmg it to SO^C - 
coolmg m running water, and addmg calcium chlonde In the 
earher tests 0 6 cc of a 20 per cent solution of calcium chlonde 
was added to 100 cc of artificial rndk The milk so prepared 
coagulated after a few mmutes' boilmg without the addition of 
enzyme, and was unsatisfactory for tests above 5b°C Satis- 
factory results were obtamed by the use of 0 2 cc of the 20 per 
cent calcium chlonde solution m 100 cc of artificial nnilk * 

The properties of the chymase of Solanum daeagntjoltum 
agreed, m general, with the properties of vegetable chymases 
descnbed by Gerber ’ It coagulated boiled natural milk with- 
out addition of calcium chlonde It proved more resistant to 
heat than animal rennm and obeyed the law of Segelcke-Storch 
withm the lower range of temperature (up to about 56°C) 

* The method of extraction was essentially the same ns that employed 
by CSerber (Compt rend Soc biol , 1909, Ixvi, 890) The use of acetone 
to precipitate the mixture containmg the eniyme is an adaptation of the 
method of D D Van Slyke and G E Cullen {J Btol Chem , 1914, xix, 
211) for the preparation of urease 

‘ Blum, L , and Fuld, E , Berl kbn Woch , 1905, xhv, 105, quoted by 
J Effront (the ongmal publication was not available) 

‘ Blum and Fuld recommended the addition of 2 cc of 20 per cent cal- 
cium chlonde solution to 98 cc of artificial milk J Wohlgemuth (Grund- 
nss der Fermentmethoden, Berlin, 1913, p 164), recommends the addi- 
tion of 0 6 cc of 20 per cent calcium chlonde solution to 100 cc of arti- 
ficial millr Gerber {Compl rend Soc btol , 1909, Ixvi, 891) used boiled 
natural milk sensitised by the addition of 10 mg molecules (1 II gm ) 
of calcium chlonde to the liter, performmg his tests at 55°C 
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In tests conducted between 37 and 55°C the time of coagulation 
was mversely proportional to the quantity of the enzyme, other 
conditions bemg constant Increase of temperature had the 
effect of mcreasmg the rapidity of coagulation, but it also mac- 
tivated the enzyme The optimum temperature was about 
84°C , m a dilution of one part of the sohd enzyme preparation 
to 20,000 parts of milk, coagulation takmg place m about 1 
mmute In a dilution of 1 100,000 coagulation occurred m 
10 mmutes, the enzyme bemg obviously mactivated m the higher 
dilution by the longer exposure to heat 
Prehmmary tests failed to discover any pronounced peptic 
or tryptic action of the extract However, further tests will be 
necessary to justify a definite conclusion 
Work IS m progress to determme the presence m Solanum 
elaeagmfoltum of other enzymes than chymase, the distribution 
of the enzjmes m the plant, the relative abundance and activity 
of the enzymes at vanous stages of growth, and the mfluence 
of vanous factors upon their action The use of the berry by 
the Mexicans and the reported local use of Galium verum by cheese- 
makers of the West of England and of Pinguicula vulgans by 
those of the Italian Alps^ suggest the possibihty of adaptmg 
the enzyme preparation of Solanum elaeagnifoltum to the use 
by cheesemakers as a substitute for rennet extract To mvesti- 
gate this possibihty is one of the objects of the work outlmed 
above 

The wnter wishes to express his obhgation to Professor J B 
Sumner, m whose laboratory this work was earned out, for his 
helpful suggestions and advice 

’ Green. J R., Ann Bot , 1893, vu, 112 




THE SEPARATE DETERMINATION OF CHOLESTEROL 
AND CHOLESTEROL ESTERS IN SMALL 
AMOUNTS OF BLOOD 

By W E. BLOOR akd ARTHUR KNUDSON 
(from the Laboralonea of Biological Chemistry of the Harvard Medical 
School, Boston ) 

(Received for publication, August 9, 1916 ) 

In the course of a study of the hpoids of human blood m nor- 
mal and pathological conditions' it was found m almost all cases 
that cholesterol mamtams a st rilnn gly constant relation to the 
total fatty acids and to lecithin. Even m severe diabetic hpemia* 
where the amount of hpoids was many tunes the normal the re- 
lationship between cholesterol and the total fatty acids remained 
constant The inference seemed justified that cholesterol takes 
an important part m fat metabolism The most obvious way 
m which it would participate m fat metabolism is by its fatty 
acid esters which are always present m the blood and m most 
tissues, so that a knowledge of the balance between cholesterol 
and its esters m blood would be of great value in the study of 
this function Such knowledge would also be of value m the 
study of other functions of cholesterol as, for example, the part 
which it plays as an antihemolytac' where the protective power 
depends on the amount of free cholesterol present A method 
was sought which would permit the separate determination of 
cholesterol and its esters m Rmall amounts of blood The only 
successful means at present known for the separation of cholesterol 
from its esters is the precipitation of the cholesterol by digitonm 
as worked out by Windaus* and the foUowmg method is an adap- 
tation of the digitonm precipitation to small amounts of material 
It consists m (a) the determmation of total cholesterol m an ah- 
quot portion of an alcohol-ether extract of blood and (b) the 

* Bloor, tv R.. J- Biol Chem , 1916, xxv, 677 

^ Bloor, J Biol Chem , 1916, -ccvi, 417 

’ Ransom, F , Deuisch med Woch , 1901, ixvii, 194. 

* Windaus, A,, Z physiol Chem , 1910, Ixv, 110 
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determination of cholesterol esters m another ahquot after pre- 
cipitation of the free cholesterol by digitonui The difference 
between the two values represents free cholesteiol 

The procedure is as follows 

1 Preparation of the Sample — ^An alcohol-ether extract of 3 
cc of whole blood, plasma, or serum is made as descnbed in 
the method for cholesterol already reported ‘ 

2 Determination of Total Cholesterol — This is made with an 
ahquot portion (generally 10 cc ) of the alcohol-ether extract 
accordmg to the above method * 

S Precipitation of Free Cholesterol and Determination of the 
Cholesterol Esters — 20 cc of the alcohol-ether extract (or suffi- 
cient to contam about 0 5 mg of combmed cholesterol) are meas- 
ured mto a small flat-bottomed Erlenmeyer flask (50 cc) and 
1 cc of 1 per cent alcohohc solution of digitomn is added The 
whole solution is then evaporated just to dryness on the water 
bath or electric stove The digitomn combmes with the free 
cholesterol forming digitonm cholestende while the cholesterol 
present as ester is not affected The dned residue in the flask 
18 then extracted by boihng out with successive small amounts of 
petroleum ether (boihng below 60°C ), filtenng the extract 
through a plug of fat-free cotton m the stem of a small funnel 

In order to get a complete extraction with a small amount of 
solvent 15 cc of the petroleum ether are first added, the flask 
18 covered with a small watch glass (to prevent too rapid evapora- 
tion), and the whole boiled gently until about half the hquid is 
gone The succeedmg extractions are made m a similar manner 
with 7 to 8 cc of petroleum ether The petroleum ether dissolves 
the cholesterol esters but does not dissolve the digitonm precipi- 
tate The combined extracts contaming the cholesterol esters 
are then evaporated just to dryness, and the esters taken up with 
chloroform as m the method for total cholesterol ® The chloro- 
form extracts, together shghtly less than 5 cc , are collected m a 
10 cc glass-stoppered cyhnder (prenously cahbratcd), cooled, 
and made up to 5 cc 5 cc of a standard cholesterol solution 
m chloroform (contammg 0 5 mg ) are measured mto a similar 
10 cc cyhnder To each solution are added 2 cc of acetic an- 
hj'dnde and 0 1 cc of concentrated sulfunc acid, the cylmders 

• Bloor, J Biol Chctn 1916, xxn , 227 
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stopptered, and the solutiODS mixed by mvertmg several times 
They are then set away m the dark for 16 minutes after which 
they are transferred to the cups of the colorimeter and the read- 
mgs made as usual, settmg the standard at 15 mm Artificial 
hght (a 100 watt mtrogen-fiUed Tungsten hght and"dayhght” 
glass) was used throughout these determmations 

niSCJOSSION AND HEStTLTS 

In workmg out the method for use the foUowmg jjomts re- 
quired to be dete rmin ed 

a Whether digitonm as used in the method gives a sufiBciently 
complete precipitation of the cholesterol so that it could be used 
for the separation of the mmute quantities of cholesterol mvolved 
m the determination 

h Whether the solvent used dissolved the cholesterol esters 
without dissolvmg any measurable quantity of the precipitated 
digitomn cholestende, or dissolvmg any other substance which 
would mterfere with the detennmation 

c Whether cholesterol esters give quantitative values for the 
cholesterol which they contam Although it has been claimed' 
that such was the case it seemed desirable to test the pomt 
further 

Tests were made as follows 

(1) Portions of 0 5 to 1 5 mg of cholesterol in alcohol ether were treated 
with digitonm accordmg to the directions, the residue extracted, and ex- 
anuned for cholesterol by the colorunetnc procedure No color was found 
m any case so that the treatment was adequate for the complete isolation 
of free cholesterol 

The digitonm cholestende, while insoluble m petroleum ether, 
was found to be measurably soluble m ether and stiU more m 
chloroform 

(2) 5 cc portions of a solution of cholesterol palmitate containmg 1 OC 
mg of the ester, eqmvalent to 0 66 mg of cholesterol, gave (a) by the 
method for determination of total cholesterol 0 6S1 and 0 6S7 mg , (6; by 
the method for determination of cholesterol esters 0 675, 0 681, and 0 681 mg 

(3) 5 cc of the cholesterol palmitate solution to which was added 0 6 
mg of cholesterol gave by the ester method 0 680 and 0 680 mg cholesterol 


Autenneth, W , and Funk, A , MUnch med Woch , 1913, lx, 1243 
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(4) To 3 CO of extract of blood plasma, found by the ester method to 
oontam 0 441 mg of cholesterol as eater, were added 3 cc of the cholesterol 
palmitate solution containing 0 396 mg of combmed oholesteroL The 
whole sample then contamed theoretically 0 837 mg of combmed choles- 
terol Found 0 815 mg 

(6) To three 6 cc samples of plasma extract each containmg 0 748 tog 
of cholesterol as eater were added respectively 0 5, 10, and 1 6 mg of 
cholesterol, and the esters then detenmned as usual The results obtamcd 
were 0 742, 0 764, and 0 742 mg , respectively 

The following separations made on hiunan plasma will show 
the possibihties of the method 


TABLE L 

Cholesterol and Cholesterol Esters tn Blood Plasma {Mg of Cholesterol 
per 100 Cc of Plasma) 



Total 


1 lYee. 

Sample. 

Afi eater 



oholesteroL 


Per cent of tot»L 

Diabetes 

538 

/ 246 
\ 260 

293 

288 

64 6 

53 6 


312 

/ 108 

204 

65 4 


till 

201 

64 4 

tt 

508 

/216 

293 

67 7 

1 218 

290 

67 1 

t< 

250 

/ 102 

148 

69 2 

\ 100 

160 

69 9 

U 

656 

/ 358 

198 

36 6 


\ 362 

194 

34 9 

({ 

268 

/ 166 

102 

38 1 


\ 168 

100 

37 3 

It 

182 

/ 116 
\ 114 

66 

68 

36 3 

37 4 

N'ormal 

180 

117 

63 

35 0 

tt 

291 

164 

127 

43 6 

tt 

196 

117 

79 

40 3 

tt 

203 

123 

80 

39 3 
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In a well planned mvestagation recently published^ Mueller 
has questioned the correctness of the values for cholesterol 
obtamed by colonmetnc methods He finds that whfle both 
colonmetnc and gravunetnc (precipitation with digitorun) 
methods give the same results with ordinary cholesterol the 
colonmetnc methods give higher results with blood He comes 
to the conclusion that there are other substances, probably 
however, closely related to cholesterol, present m blood which 
give the color reaction but which do not precipitate with digitonm 
and that therefore the gravunetnc method gives more accurate 
results He admits, however, that digitonm may precipitate 
part of these substances from blood and that the digitonm pre- 
cipitate so obtamed is somewhat soluble m the ether used for 
washmg it (as has been found m the work above) Other pomts 
brought out m his mvestigation are a corroboration of the findmgs® 
that the alcohol-ether treatment as above performed gives a 
complete detraction of blood and that the results for cholesterol 
from this extract are higher than those obtamed by other colon- 
metnc methods 

The possibihty that substances different from ordinary cho- 
lesterol but closely related to it may be present m blood has of 
course been realized, but m view of the lack of defimte knowledge 
regardmg their chemical nature, their behavior with digitonm 
and the Liebermann-Burchard reagent, or even of their presence, 
an extended discussion of their influence on the cholesterol 
determination does not seem advisable 

If, as Mueller claims, these substances give the color reaction 
but do not precipitate with digitonm (or to an msigmficant 
extent) the values for cholesterol esters obtamed by the procedure 
described above would be relatively higher, and those for free 
cholesterol relatively lower, smee the error produced by these 
substances would fall on the esters with which they would be 
mcluded if they were not precipitated by the digitonm As a 
matter of fact the opposite appears to be the case, smee, as may 
be seen by the values for normal plasma given m the table, and 
as will be shown more fully m a later pubhcation, the values for 
&ee cholesterol are both relatively and absolutely higher than 


’ Mueller, J H , / Biol Chem , 1916, xxv, 649 
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those reported in the hterature ® Either there are no "other 
substances” in blood plasma or they behave, when treated with 
digitorun, m the same way as ordmary cholesterol 

The colonmetnc methods are the only ones which can be used 
with small amounts of blood and which are therefore suitable 
for use m the extended study of conditions m hvmg animals, 
mcludmg human bemgs The procedure m these methods is 
relatively simple, the time reqmred short, and the color a satis- 
factory one to measure They give, moreover, higher values 
than the gravimetnc method Until the presence of these 
“other substances” is defimtely shown and them chemical nature 
detemuned, the use of the colonmetnc methods for the determma- 
tion of cholesterol and its esters m blood seems fuUy justified 

• Mueller, J Biol Chem , 1916, xxv, 561 



THE ISOLATION OF A GROWTH-PRODUCIHG SUB- 
STANCE FROM SHEEP PANCREAS. 

Bt WALTERS EDDY 

(From ihe Chetmcal LaboraUrry of the New York Hospital ) 
(Received for publication, July 21, 1916 ) 

The following account covers the preliminary work done to 
establish the presence of a vitamme m the water-soluble portion 
of the alcohol extract of sheep pancreas Experiments are now 
m progress to establish more fully its nature and properties 

The first attempt to demonstrate the growth-producmg sub- 
stance failed The method followed was that recommended 
by Punk, as follows 

1,600 gm of cheep pancreas were obtained from freshly killed sheep, 
minced with a meat chopper, and extracted with 4 liters of 95 per cent 
alcohol fto which was added enough bydrochlonc acid to make the alco- 
hol about 4 per cent HCl) The acid alcohol and pancreas were distnbuted 
in mason jars and shaken for 3 hours in the shaking machine At the 
end of this penod the alcohol extract was filtered off and evaporated nearly 
to dryness tn vacuo at a temperature of 38°C The final sjOTip was then 
evaporated to dryness before an electnc fan at room temperature fin 
all succeeding evaporations the fan method was used, the hquid being 
placed in shallow dishes and fanned with a contmuous stream of air at 
room temperature ) The residue was then melted at 60^0 on a water 
bath and taken up with a bter of distilled water This mixture was fil- 
tered first on a hot funnel mamtained at 38-40°C The filtered extract 
was Bgam evaporated to dryness before the fan and the residue agam ta- 
ken up with cold distilled water, and filtered at room temperature This 
final water solution was next made up to 6 per cent sulfuric acid strength 
and precipitated with a 60 per cent solution of phosphotungstic acid in 
6 per cent sulfuno In makmg this precipitate care was taken to avoid 
excess of phosphotungstic acid. The precipitate was then filtered off and 
washed thoroughly with 6 per cent sulfunc acid. After washmg, it was 
mixed m a mortar with solid banum hydrate After thorough mixmg 
water was added and the entire mixture placed m a mason jar and shaken 
for 3 hours At the end of this tune the mixture was filtered and the fil- 
trate carefully neutralited with sulfuno acid to remove the excess of 
baryta After agam filtering to remove the banum sulfate the liqmd 
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was evaporated before the fan and the residue taken up in absolute alco- 
hol to free it of inorganic salts The alcohol solution was then precipi- 
tated by means of a saturated alcoholic solution of mcrcunc chloride 
This precipitate was filtered off, suspended in water, and subjected to a 
stream of HiS imtil all the mercury was converted into the sulfide The 
latter was then removed and the mercury-free hqmd treated with silver 
mtrate to precipitate the purmes These purmes wore then filtered off 
m turn and the filtrate which contained an eveess of silver nitrate was 
precipitated with silver-baryta This last was accomplished by first 
determimng the presence of enough silver nitrate to yield a brown precipi 
tate on the addition of a saturated solution of baniim hydrate This 
silver baryta precipitate waa washed thoroughly to free it of NOj ions and 
then suspended m water and the silver converted mto the sulfide with Hi9 
and filtered off There remained a solution which was supposed to con- 
tarn the vitamine more or less contaminated by the presence of Ba, SOi, 
and Cl ions These were carefully elimmated by use of sulfuno acid, 
banum chloride, carbon dioxide gas, and neutral moist silver oxide The 
final purified solution was then used in the growth expenments 

Using the material, prepared by this method, the attempt was 
made to demonstrate its growth-mduemg properties by its in- 
troduction mto the basal diet of young male white mice For 
a basal diet m these expenments and m the successful experi- 
ments with rats, Mendel’s casern diet was used Instead, how- 
ever, of usmg highly purified reagents the diet was made up of 
the foUowmg 


Casein (Merck’s technical) 

gm. 

180 

Starch (Duryea’s com starch) 

325 

Granulated sugar 

170 

Agar 

SO 

Lard (Armour’s) 

250 

Salt mixture 

25 

The salt mixture was composed as follows 

gm 

CaifPOi)! 

10 

KtHPOi 

37 

NaCl 

20 

Na citrate 

16 

Mg “ 

8 

Fe “ - 

2 

Ca lactate 

8 


The ration was made into a paste by adding the melted lard to the 
dry ingredients and working in the agar after softening it with distilled 
water 
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The animals vrexe given distilled ivater to drink, each animal 
was allowed to eat all he wished, and the average daily consump- 
tion was noted The reserve food was kept m the ice chest until 
needed and made up fresh at least once m 2 weeks Fig 1 mdi- 
cates the typical results obtamed from the fifteen mice used m 
this experiment 

The results of this experiment mdicated clearly that the pan- 
creas extract used contamed no vitamme, or at least m too small 
quantity to produce growth results The extract was given m 
5 cc doses and contamed 0 0021 gm of sohd m each 5 cC Later 



Fig 1 

the extract was concentrated until 5 cc contamed 0 0123 gm 
of sohd, without favorable results It contained only a trace 
of mtrogen 

Dr Funk kmdiy checked the method outhned above and from 
the results we were led to beheve that the failure to obtain the 
vitamme was due either to the loss of the material m the process 
of purification or to the small amount of material present Dr 
Funk had meanwhile been able to show that doses of yeast vita- 
nune entirely adequate to cure beri-ben m pigeons were not of 
sufificient power to produce growth m rats I therefore decided 
to repeat the experiments with a larger supply of material and 
to check the effect of the extract at each step of the purification 
These latter experiments have now progressed sufficiently to 
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was evaporated before the fan and the residue taken up in absolute alco- 
hol to free it of inorganic salts The alcohol solution was then precipi- 
tated by means of a saturated alcoholic solution of morouno chloride 
This precipitate was filtered off, suspended m water, and subjected to s 
stream of HitS until all the morouiy was converted into the sulfide The 
latter was then removed and the mercury-free hqmd treated with silver 
mtrate to precipitate the punnes These punnes wore then filtered off 
m turn and the filtrate which contained an excess of silver nitrate wm 
precipitated with silver-baryta This last was accomplished by first 
determinmg the presence of enough silver nitrate to yield a brown precipi 
tate on the addition of a saturated solution of baninn hydrate This 
silver baryta precipitate waa washed thoroughly to free it of NOj ions and 
then suspended m water and the silver converted into the sulfide with H»S 
and filtered off There remained a solution which was supposed to con- 
tain the vitamme more or less contaminated by the presence of Ba, SOi, 
and Cl ions These wore carefully elimmated by use of sulfuno acid, 
banum chloride, carbon dioxide gas, and neutral moist silver oxide The 
final purified solution waa then used in the growth experiments 

Using the material, prepared by this method, the attempt ■was 
made to demonstrate its growth-mduemg properties by its in- 
troduction mto the basal diet of young male white mice For 
a basal diet m these experiments and m the successful experi- 
ments with rats, Mendel’s casern diet was used Instead, how- 
ever, of usmg highly purified reagents the diet was made up of 
the followmg 


Casein (Merck’s technical) 

180 

Starch (Duryea's com starch) 

325 

Granulated sugar 

170 

Agnr 

SO 

Lard (Armour’s) 

250 

Salt mixture 

25 

The salt mixture was composed as follows 

fwt 

Ca^(PO^)* 

10 

KfHPOj 

37 

NaCl 

20 

No citrate 

16 

Mg " 

8 

Fe " _ 

2 

Ca lactate 

8 


The ration was made into a paste by adding the molted lard to the 
dry ingredients and working in the agar after softenmg it with distilled 
water 
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mixture caused the phosphotungstic acid portion of the precipi- 
tate to pass mto solution m the amyl alcohol and the rest of the 
precipitate passed mto solution m the water This water solu- 
tion was then filtered off, carefully neutralized with NaOH, 
and used to feed certam rats 
Part lY — 500 cc were held m reserve 
In the feedmg experiments I had then for use the foUowmg 
solutions A. A filtered water-soluble portion of the alcohol extract 
of pancreas B Lloyd’s reagent after shaking with the water- 
soluble portion of the alcohol extract of pancreas and supposedly 
containmg the adsorbed vitamme C Filtrate from the water- 
soluble portion of the alcohol extract after treatment with Lloyd’s 
reagent D The phosphotungstic precipitate of the water-sol- 
uble portion of the alcohol extract of pancreas held m neutral 
water solution after freemg of phosphotungstic acid with amyl 
alcohol accordmg to Jacobs’ method In the foDowmg descnp- 
tions these solutions will be designated by the letters used All 
the hqmds (A, C, and D) and the sohd, B, were kept m the ice 
chest throughout the entire period of the experiment This was 
done as a precaution and not because of any defimte proof that 
the substance deteriorates at room temperature. 

Demonstratijjn Methods — ^For these experiments young male 
rats (white) were used, rangmg from 40 to 90 gm m weight 
at the be ginnin g of the experiment They were kept m separate 
cages and the casern diet was used as the basal food In order 
to make sure that the casern was vitamme-free, all that was used 
m the food of the rats was first boiled for several hours m 95 per 
cent alcohol The food was placed m feedmg boxes so arranged 
as to prevent contamination by feces Distilled water was given 
for dr inkin g purposes Twelve rats were used m the feedmg 
experiments Four were mamtamed on a mixed diet of bread, 
milk, carrots, cabbage, etc , to determme normal growth. Three 
of these are plotted m Fig 2 (Rats 6, 7, and 12) One of the 
four developed scurvy and his curve is not mcluded 

Rats 1 and 2 were fed the casern diet for a period of 16 days 
In this time they steadily dechned in weight, as shown by ibe 
heavy Ime (The dotted hne shows the average food mtake 
per day ) On the 16th day the casern diet was mixed with 16 cc 
of the water-soluble pancreatic extract A. At each succeed- 
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justify the claim that pancreas does contam the vitamme and 
m considerable amount The results to date are given m the 
followmg report 


Demonstraiwn of the Presence of VUamine tn Sheep Pancreas 

MatenaU Used— 3,620 gm of mmced sheep pancreas were 
extracted with 6,300 cc of 95 per cent alcohol of 0 8 per cent ^ 
strength After thorough extraction the alcohol extract 
filtered off and evaporated to dryness before the fan at nw 
temperature The residue was taken up with distilled wa , 
warmed to 38“C , and the mixture filtered at that tempera we 
on the hot funnel After agam evaporatmg this filtrate te 0^- 
ness before the fan the residue was taken up m d^ed waw 
and this mixture filtered at room temperature This procemire 
resulted m a fat- and protem-free hqmd which was m o up 
2 hters volume with distiUed water This hqmd was then dma^ 
mto four equal portions of 500 cc each These four 
were used to prepare the experimental diet solutions as f o 
Part I —600 cc of the solution were kept m the ice chest 

fed to rats as reqmred iv os crm of 

Part II — 500 cc of the solution were treated with ^ gm 

Lloyd’s reagent ‘ The reagent was shaken with the 
extract and the powder then filtered off and later nme ^ 
food of the rats The filtrate was also retamed and used 

diet of other rats as a control » Kon cc 

Part III — In accordance with the method of Jacobs, 6U 
of the solution were made acid with hydrochloric acid to ^ 
cent strength and then precipitated with a solution of 2 P 
phosphotungstic acid m 5 per cent HCl After waAme ^ 
precipitate with acid (5 per cent HCl) it was removed to a ^ep^^ 
ratory funnel and mto this 

amyl alcohol, ether, and water, made acid with HCl bnaionB 

. SeideU, A.tUSPub Health Report, No 325, 
recBent^olloidal hydrous aluminium “th yeast wta 

sorption for vitamine His experiments were conducted with ye 


"“Lobs, W A , BU,, . 1912, s.., So. .I*. ''*» 
D D , thid , 1916, xxu, 283 



W H Eddy 


117 


nuxture caused the phosphotungstic acid portion of the precipi- 
tate to pass into solution in the amyl alcohol and the rest of the 
precipitate passed into solution in the water This water solu- 
tion was then filtered off, carefully neutralized with NaOH, 
and used to feed certam rats 
Part lY — 500 cc were held m reserve 
In the feeding experiments I had then for use the following 
solutions A. A filtered water-soluble portion of the alcohol extract 
of pancreas B Lloyd’s reagent after shaking with the water- 
soluble portion of the alcohol extract of pancreas and supposedly 
containing the adsorbed vitamme C Filtrate from the water- 
soluble portion of the alcohol extract after treatment with Lloyd's 
reagent D The phosphotimgstic precipitate of the water-sol- 
uble portion of the alcohol extract of pancreas held m neutral 
water solution after freemg of phosphotungstic acid with amyl 
alcohol accordmg to Jacobs’ method In the foUowmg descrip- 
tions these solutions will be designated by the letters used All 
the hquids (A, C, and D) and the sohd, B, were kept m the ice 
chest throughout the entire period of the experiment This was 
done as a precaution and not because of any defimte proof that 
the substance deteriorates at room temperature 
Demonstratwn Methods — ^For these experiments young male 
rats (white) were used, rangmg from 40 to 90 gm m weight 
at the beginnmg of the experiment They were kept m separate 
cages and the casern diet was used as the basal food In order 
to make sure that the casern was vitamme-free, aU that was used 
m the food of the rats was first boded for several hours m 96 per 
cent alcohol The food was placed m feedmg boxes so arranged 
as to prevent contamination by feces Distdled water was given 
for dr inkin g purposes Twelve rats were used m the feedmg 
experiments Four were mamtamed on a mixed diet of bread, 
milk , carrots, cabbage, etc , to determme normal growth. Three 
of these are plotted m Mg 2 (Bats 6, 7, and 12) One of the 
four developed scurvy and his curve is not mcluded 

Rats 1 and 2 were fed the casern diet for a period of 16 days 
In this tune they steaddy declmed in weight, as shown by the 
heavy Ime (The dotted hne shows the average food mtake 
per day ) On the 16th day the casern diet was mixed with 16 cc 
of the water-soluble pancreatic extract A. At each succeed- 
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mg weighing period new food was given mixed with 10 cc doses 
of the extract The upward rise m the weight curve was imme- 
diate and was steadily mamtamed throughout the entire experi- 
mental period of 23 days followmg the first dose These results 

7{a&6 7 17- 
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indicated clearly the power of the extract to induce growth and 
also to develop increase in daily food consumption 
As m the case of Rats 1 and 2, the diet of Rat 3 was of the casern 



70 


60 



^4 


TO 


O 


Fic 3 


mixture for 16 da^'s with bare mamtenance of weight for that 
period On the 16th day the water-soluble axtract A was added 
and the correspondmg rise m weight occurred On the 25th 
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day the rat was put back on the casern diet and m the next 6 
da}^ declined 6 gm. in weight, showing that the presence of the 
extract was necessary to maintain growth On the 32nd day 
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this rat was given a dosage of 10 cc of the phosphotungstic 
precipitate D The ammal immediately began to gam weight 
and contmued to do so to the end of the experiment on the 39th 
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day This expenment demonstrated that the growth-produc- 
mg power of the water extract was not lost m the first separation 
step 



Rats 4 and 5 were given 18 days of casern diet with mamte- 
nance or dechne On the 18th day 12 gm of Lloyd’s reagent, 
B, were added to the diet At each succeeding period 5 to 6 gm 


/^aod //7 fa Are ^ayerajJa per cfa\ 
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were added In the 10 days of this treatment the rats showed 
an mcrease m weight, demonstrating the power of this sub- 
stance to adsorb the vitamme and confir min g Seidell’s' conclu- 
sions (Further confirmation of this pomt was given by Eat 9 ) 



On the 28th day these rats were returned to the casern diet and 
it was mteresting to note that Lloj''d’s reagent was found to 
persist m its stunulatmg effects for some 3 or 4 da 3 ^s after its 
feedmg had stopped At the end of 6 da 3 ^ the rats had begun 
to dechne Both of these rats were made to resume their up- 
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ward nse m weight by the addition of 10 cc doses of the phos- 
photungstic precipitate D to the diets on the 32nd and 34th days 
respectively, further confirming the results with Rat 3 
!^t 9 was fed casein diet for 23 days with a marked decline 



in weight On the 23rd day a dosage of the filtrate C from 
Lloyd’s reagent was begun (10 cc amounts at each weighing 
penod) This failed to do more than produce a lessening in 
the declme of the curve, mdicatmg that the Lloyd reagent removes 
at least the greater part of the vitamme At the end of 8 days 
of this diet the rat was given 1 day’s ration of casern food alone 


Food tniaAe ai/ers^e per day 





^ 70 7^ JO VO VJ 
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mg of the phosphotungstic precipitate D on the 32nd day brought 
about immediate nse m weight which was mamtamed 
At the end of the charted period the rats were all m good con- 
dition except the one control rat mentioned that showed mcipient 


~fs<y sY^fe// 
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scurvy None of the extract-fed rats showed any signs of scurvy 
or of other dietary diseases 

general conclusions 

The results of the rat expenments seemed to prove conclu- 
sively that the water-soluble portion of the alcohohc extract of 
pancreas contains a substance that is capable of mducmg marked 
mcrease m growth This substance is removed from the extract 



without loss of power by treatment with Lloyd’s reagent It is 
also precipitated m the phosphotungstic precipitate of the ex- 
tract It IS not a protem or fatty substance It occurred to 
me that the results might mdicate not a vitamme but a happy 
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combmation of ammo-acids To determine this pomt I secured 
ammo nitrogen determmationa on solutions A, C, and D These 
solutions were analyzed by Dr J C Bock of Cornell Medical 
College, to whom they were given as lettered samples The re- 
sults of the analyses were as follows 

Solution A contained 4.839 mg of ammo N per co 
« j) ** 1 370 ** ** ** 

Solution C was the solution from which the vitamiiie was 
removed wnth Lloyd’s reagent and had practically no growth- 
stunulatmg power The result of the above analysis mdicates 
that the Lloyd powder removed none of the ammo-acids, yet 
did remove the groviJi stimulus The fact that the phospho- 
tungstic solution D contamed much less ammo-acid and yet 
was powerful m a growth stimulation also tends to make the con- 
clusion stronger that we were dealmg with somethmg other than 
ammo-acid stimulus 

In conclusion I wish to acknowledge my mdebtedness to Dr 
Nellis B Foster, to Dr Wm J Elser, and to Dr Stillman for 
the facdities given me at the New York Hospital, to Dr Casunir 
Funk for his suggestion and criticism throughout the research, 
and to Dr J C Bock for his assistance m the matter of the ammo- 
acid determinations 
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New Haven ) 

(Received for pubbcation, July 31, 1916 ) 

Current views' associate the elimination of creatine with some 
perversion of carbohydrate metabohsm The probabflity of a 
close relationship of this sort is indicated by the well known fact 
that a deficiency of carbohydrate in the body, as in starvation, 
leads to creatme elimination which may be checked promptly 
by mgestion of carbohydrate Depletion of the body of carbo- 
hydrate may also be accomplished through the action of various 
toxic substances like phlorhmn, phosphorus, hydrazme, etc , or 
through disease as m diabetes In each of the enumerated m- 
stances of carbohydrate deficiency, creatme appears m the 
urme There are, however, experimental facts which the familiar 
hypothesis fails to explam McCollum and Steenbock’ found 
that m the pig a diet of com products, among others, led to the 
appearance of relatively large quantities of creatme m the urme 
The authors pomt out that the “character of the proteins m the 
diet appears to determme whether a large or a small creatme 
production takes place m the tissues These observations leave 
httle doubt that creatme may come from exogenous as weU 

* The results of this investigation irere reported to the Society for 
Experimental Biology and Medicme, March 16, 1916 See Proc Soc 
Exp Biol and Med , 1916, xui, 113 

* Recent literature concemmg creatme maj be found m the papers 
of Mendel, L. B , and Rose, W C , J Biol Chem , 1911-12, i, 213, Ries- 
ser, O , Z physiol Chem , 1913, Ixixvi, 415, Mj-ere, V C , and Fine, M S , 
J BioL Chem , 1913, nv, 9, 1913, xv, 2S3, 2S5, 1913-14, xvi, 169, 1915, m, 
377, 3S3, 3S9 Benedict, S R., and Osterberg, E , ibid , 1914, xviu, 195 

= McCollum, E V , and Steenbock, H., J Biol Chem , 1912-13, xiii, 209 
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as endogenous protein metabolism ” Somewhat siinilar expen- 
ments of Folm* with oat feedmg yielded comparable results 
The dietanes employed, especially those of McCollum and Steen- 
bock, cannot be regarded as lackmg m carbohydrate, for in the 
creatme-producmg diet was mcluded a significant quantity of 
added starch 

Deficiency of carbohydrate usually means an accompanying 
acidosis, not necessarily caused by ketogemc substances, which 
presumably mvolves the tissues associated with creatme-creatinme 
metabolism At any rate nearly every instance m which there 
is creatme m the urme is accompanied by an acidosis — gener- 
ally a ketonuna also The term acidosis m the sense used here 
means a disturbance m the acid-base equflibnum in the body, 
whereby the excessive production of acid or mtroduction of sub- 
stances fo rmin g an acid ash causes the withdrawal of base from 
the body In man it is probable that m general the body neutral- 
izes such acid with ammonia, the neutralization of acid with 
other bases never havmg been demonstrated Carnivora un- 
doubtedly neutralize acids m a similar manner With the rab- 
bit, however, the neutralization of acid may not necessarily 
be performed by ammoma, for m experimental acid poisoning 
m these animals there is not a close relationship between the 
output of ammonia and the mtroduction of acid, but the other 
bases as sodium, potassium, calcium, and magnesium, are much 
mcreased m the urme With the dog, on the other hand, such 
a relationship obtains and the other alkali bases are relatively 
httle mcreased The older explanation of these facts was to 
the effect that the herbivorous a nim al mgested too httle protem 
material to furnish sufficient ammonia for neutralization pur- 
poses Another possible viewpomt is that owmg to the general 
character of the diet consumed by the herbivora a great excess 
of base is mtroduced mto the body, as mdicated by the general 
alkalini ty of the urme of herbivora, which may be readily avail- 
able for neutrahzation purposes imder ordmary conditions 
The store of such available base must be somewhat limited, 
however, smce the great susceptibihty of the rabbit to acid is 
well known In view of this fact it would seem that m questions 

* Reported at the meeting of the Amenoan Society of Biological Chem- 
jflts, December, 1915 
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mvolvuig the influence of acid upon vaiymg phases of metaboho 
activity the rabbit would serve as an ideal experimental animal, 
much more so than the dog, which is very resistant to aad m- 
troduction 

The fact that m nearly eveiy instance m which creatme ap- 
pears m the urme there is an accompanymg acidosis suggests 
the hypothesis that a condition of acidosis m the body is re- 
sponsible for the appearance of creatme m the unne To test it 
the foUovdng questions demand an answer 1 K acidosis is 
mduced, wiU creatme appear m the urme, even m the presence 
of an adequate carbohydrate supply? 2 Will the ehmmation 
of creatme disappear if the acidosis is abolished, qmte mdepend- 
ently of the factor of carbohydrate supply? 

In the present paper a condition of aadosis was considered 
mdicated when the urme of the rabbit became strongly acid, 
as shown by determination of the hydrogen ion concentration, 
employmg sodium ahzanne sulfonate as the mdicator * In the 
sense of the term acidosis as used here, that is, a condition of 
aUcah depletion, the assumption given above is undoubtedly 
correct smce ordinarily the rabbit secretes urme which is strongly 
alkalme 

The general plan of the mvestigation was as foDows Rabbits 
were fed upon diets contammg adequate carbohydrate supply 
but of such a nature that one diet would yield a pronounced acid 
ash, another a distmctly basic ash, and finally the third type of 
diet consisted of a mixture of the other two The acid-produc- 
mg foods were whole oats and cracked com, the mixture bemg 
designated the "gram diet ” Fresh carrots constituted the base- 
producmg food, designated "carrot diet ” A dietaiy contam- 
mg oats, com, and carrots is called the "mixed diet ” 

The results obtamed are to be found m Tables I to VI 
Upon a diet of oats and com contammg an adequate supply 
of carbohydrate, creatme® promptly appears m the urme A 

‘ Henderson, L J , and Palmer, W W J Biol Chem , 1912-13 xm, 393 
The presence of phosphates m the alkaline unnes interfered with accur- 
ate determinations of the hydrogen ion concentration, hence the figures 
given for the alkalme unnes are only approxunations 

‘ 24 hour specimens of unne wvre obtained by compression of the blad- 
der through the abdominal wall Creatimne was estimated accordmg 
to the method of Folm and creatine by the procedure of Benedict and 
Myers 
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markedly mcreased hydrogen ion concentration of the urme is 
always associated with this phenomenon The presence of crea- 
tme m the urme is just as easily manifested upon a gram diet 
whether the latter is given to ftnimals fresh from stock or after 
a relatively prolonged period m which the base-producing foods 
have predommated Upon the gram diet the urine of the two 
rabbits tested, Tables VI and VII, acquired distmct tests for pro- 
tern The condition of albummuna persisted throughout the 
period of observation It is of considerable significance in the 
etiology of nephritis that 'protein may appear in the unne as a 
result of a change tn the character of the diet 

Upon a carrot diet urmary creatme rapidly disappears as the 
urme becomes alkahne, or if creatine was ongmaJly absent from 
the urme it remains so 

Under the conditions outhned above the facts with regard 
to creatme elimination may be mterpreted m two wajm, first, 
the appearance of creatme m the urme on the gram diet and its 
disappearance on the carrot diet may be ascribed to the charac- 
ter of the proteins constitutmg the dietanes, or second, the phe- 
nomenon under discussion may be explamed on the basis of the 
acid-base-producmg potentiahties of the dietanes To deter- 
mme the respionsible factor animals were fed upon the “mixed 
diet” constituted by a mixture of the two types of dietaries 
From the tables it is obvious that the protem per se m the diet 
IS without special significance for upon the mixed diet creatine 
fails to appear m the urme and the reaction of the latter remains 
alkahne The acid-producmg power of the gram diet must 
therefore be considered as the potent factor in the production 
of creatmuna under the experimental conditions To demon- 
strate stdl further the validity of this mference rabbits, mam- 
tamed upon a "mixed diet,” hence consequently without creati- 
nuna and with alkahne uimes, were given relatively small doses 
of hydrochloric acid by means of the stomach sound twice daily 
This addition of hydrochloric acid to the "mixed diet” without 
change of protems causes the appearance m the urme of signifi- 
cant quantities of creatme Simultaneously the hydrogen ion 
concentration of the urme is markedly mcreased 

The facts enumerated above also confirm the findings of Mc- 
Collum and Steenbock that creatme may appear m the urme 
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even when adequate carbohydrate is supphed, and they lead to 
the conclusion that creatmuna is not necessarily related to carbo- 
hydrate deficiency in the body It would appear to be associated 
with a condition of acidosis which may and usually does accom- 
pany those states of metabolism m which carbohydrate deficiency 
IS especially noticeable 

In general, the figures for creatmme are fairly constant for 
each mdividual animal, but an inspection of the tables wiU show 
that there is on the average a decided tendency for creatmme 
to be mcreased on the carrot diet and to be decreased when hy- 
drochloric acid IB added to the mixed diet 

The tables follow 
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TABLE L 


The Helatton of the Character of the Food Intake to Ph of the TJnne and to 
the Ehmxnation of Creatine 


Date. 

Urine. 

Kemarks. 

Vd- 

ume. 

9ped6o 

STsvity 

Creat- 

inine 

Crea- 

tine 

Ph 

me 

cc 


mg 

mg 



Jan 

24 

90 

1 025 

136 

0 



U 

26 

66 

1 023 

92 

18 

6 70 


tt 

26 

100 

1 030 

72 

46 

6 30 

Grain diet j 60 “ cracked 

it 

27 

60 

1 035 

90 

34 

6 30 

[ corn 

it 

28 

30 


81 

27 

4 90 


it 

29 

60 

■KB! 

81 

31 

4 70 

Feces soft 

it 

30 

60 

1 026 

81 

39 

4 70 

tt tt 

it 

31 

60 

1 024 

77 

39 

4 70 

tt It 

Average 



88 




Feb 

1 

60 

1 030 

81 

13 

6 30 

Carrot diet 300 or 500 gm 

it 

2 

300 

1 010 

90 

6 

7 38 

carrots For first 2 days 

it 

3 

Kcl 

1 010 

81 

0 

7 48 

300 gm carrots were given 

it 

4 

300 

1 010 

93 

0 

7 48 

From this period on the am 

it 

6 

426 

1 012 

91 

0 

7 48 

mal received 500 gm carrots 

tt 

6 

276 

1 026 

92 

0 

8 0 


tt 

7 

300 


100 

0 

9 27 


it 

8 

360 

li 

90 

0 

8 70 


Average 




■■ 







Bi 



r26 gm oats 

Feb 

9 


Bug 

73 

0 


25 “ cracked 


10 



88 

0 


Miied diet t 

<( 

11 



90 

0 


[250 gm carrots 

Average 




■■ 


. 

Feb 

12 

170 

1 012 



EVS^Ii 

12 121 50 cc 0 25 N HCl b} 








stomach tube 








11 a m 50 CC 0 25 n HCI b\ 








stomach tube 


13 

130 



10 

Eiii 

'6pm60cc 025 n HCl by 








stomach tube 








ril a m 60 cc O 25 n HCl b) 








stomach tube 

a 

14 

150 


65 

45 


6pm 50 cc 0 25 n HCl 








stomach tube 

Average 



69 
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TABLE n. 

T?ie Rdalion of the Character of the Food Intake to Ph of the Unne and to 
the Elimination of Creatine 


Date. 

TMno 




Vol- 

3pedfio 

Greet- 

Cree- 

Ph 






nme. 

crevity 

inine. 

tine. 




mo 

cc. 


mg 

vxg 





Jan 24 

50 


95 

0 

8 70 

Male rabbit of 2,200 gm 

“ 25 

60 


95 

11 

6 70 




‘‘ 26 

50 


83 

51 

6 30 


1 

50 gm oats 

“ 27 

60 


101 

39 

6 30 

Gram diet \ 

60 “ cracked 

“ 28 

40 


81 

38 

6 70 


1 

com 

" 29 

60 


108 

45 

4 90 




“ 30 

60 

g 

81 

45 

4 70 




“ 31 

65 


81 

39 

4 90 




Feb 1 

50 


81 

67 

4 70 

Urine showed distinct teat for 








pro tern 


“ 2 

60 


90 

41 

4 70 

Previous to experiment urme 








was pro tern-free 

Average 



89 




Feb 3 

110 

fclkiyyiii 

97 

31 

4 90 

Carrot diet 

for first 2 days 








300 gm 


“ 4 

400 

flilH 

116 

18 

7 48 

Carrot diet for remamder of 








penod, 500gm 

“ 5 

425 

1 012 

112 

0 

7 48 




“ 6 

275 


104 

0 

8 0 




“ 7 

400 


98 

0 

8 70 




“ 8 

350 

WiiK 

113 

0 

8 70 

Urme still shows traces of pro- 








tern 


Average 



106 




Feb 9 
“ 10 

170 

100 


94 

70 

0 

0 

8 70 
8 70 

Mixed diet 

[25 gm oats 

1 25 " cracked 

“ 11 

120 


88 

0 

8 70 



1 com. 






[250 gm carrots 

Average 



84 




Feb 12 

mm 

RSTR 

71 

14 

6 30 

1 12 m 50 cc 

0 25 N HCl by 








stomach tube 








11 a m 50 cc 

0 25 N HCl by 

“ 13 

B 

■ 

68 

68 

4 90 


Stomach tube 




Dp m 50 cc 

0 25 V HCl bi 








stomach tube 

“ 14 






Animal killed because of m- 







L 

jurj 


A\'erape | 


69 




































TABLE m. 


The Relation of the Character of the Food Intake to P a of the Unne aid to 
ike Eltmtnaiton of CrecUtne 


Date 

Urine 


Remarks. 

Vol- 

ume 

Specil 

eravit] 

c Greet- 
r mine 

Crea- 

tine 

Ph 

I 

im 

Jan 24 
“ 25 

“ 26 
“ 27 

“ 28 
“ 29 

“ 30 

“ 31 

Feb 1 
“ 2 

cc 

60 

60 

90 

60 

60 

70 

60 

70 

70 

60 

1 03 
1 03 
1 03 
1 03 
1 02 
1 02 
1 03 
1 02 
1 021 
1 03( 

1 S 

jMi 

1 

i^Bii 

mo 

0 

0 

63 

62 

27 

63 

49 

67 

63 

62 

8 70 
6 90 
6 00 
4 90 
4 90 
4 70 
4 70 
4 70 
4 70 
4 70 

Male rabbit of 2,200 gm 

f60gm oats 

Gram diet 1 60 “ cracked 
[ corn 

TJrme previously protein free 
contamed distmct traces of 
protem 

Average 



90 




Feb 3 

" 4 

" 5 

“ 6 
" 7 

“ 8 

1 

1 

95 

139 

112 

131 

114 

120 


6 70 

7 38 

7 48 

8 0 

8 70 

8 70 

Carrot diet for first 2 days, 
300 gm 

Carrot diet for remamder of 
period, 600 gm 

Unne still contains protein 

Average 



U8 




Feb 9 
“ 10 
“ 11 
“ 12 

190 

120 

170 

250 

1 

m 

1 

1 

Mixed diet ■ 

25 gm oats 

26 “ cracked 

corn 

250 gm carrots 

Average 



107 





120 

170 

160 

1 

97 

93 

92 

49 

70 

43 

4 90 

4 90 

4 70 

Each day the animal received 
100 CO 0 25 N HCl divided in- 
to two equal doses,one being 
given at 11 am, the other 
at 6 p m 

Average 



94 




Feb 16 
" 17 

“ 18 
" 19 

“ 20 
“ 21 

425 

425 

350 

400 

250 

120 

1 016 

1 012 

1 015 

1 015 

1 020 

1 035 

100 

172 

125 

134 

113 

114 

13 

0 

0 

0 

0 

0 

9 27 

9 27 

9 27 

9 27 

9 27 

9 27 

Carrot diet 600 gm carrots 

A-ierage 



126 
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TABLE m —CoTicluded 


Date. 

Urine 

Remarka 

Vol- 

ume 

Sped6c 

CTftvity 

Creat- 

inine 

Crea- 

tine. 

Pa 



1916 

ce 


mg 

mg 



Feb 22 

276 


113 

23 

7 38 

Each day the animal received 

“ 23 

120 


100 

72 

5 70 

100 cc 0 25 N HCl divided 

" 24 

176 

1 016 

100 

34 

5 30 

into two equal doses, one be- 
ing given at 11 aun , the 
other at 6 p m 

Average 



104 




Feb 25 

350 


133 

28 

9 27 


“ 26 

465 

RSiS 

128 

0 

9 27 

Carrot diet 500 gm carrots 

“ 27 

325 

RR 

114 

0 

9 27 


Average 



126 




Feb 28 

80 

1 035 

136 

0 

6 90 


“ 29 

70 

1 035 

103 

17 

4 70 

f60gm oats 

Mar 1 

96 

1 020 

110 

34 

4 70 

Gram diet < 50 “ cracked 

“ 2 

90 

1 015 

121 

34 

4 70 

1 com 

" 3 

93 

1 020 

126 

14 

4 70 


Average 



119 




Mar 4 

265 

1 010 

130 

0 

9 27 

Carrot diet 500 gm carrots 

“ 6 

430 

1 015 

138 

0 

9 27 

Body weight at end of expen- 







ment, 2,280 gm 
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TABLE IV 


The Relalion of the Character of the Food Intake to of the Unne and to 
the ElvtnxfuUxon of Creatine 


Date. 

Urine 



Vol- 

ome. 

Spenfio 

gravity 

Creat- 

inine. 

Crea- 

tine. 

Ph 


me 

ec 


ng 

mg 




Feb 16 

326 


132 

38 

9 27 

Male rabbit of 2,700 gm Pre- 

“ 17 

360 

■B S 

123 

14 

9 27 

vious diet unknown 

“ 18 

326 

BE 

104 

0 

9 27 

Carrot diet 600 gm oarrota 

Average 



119 




Feb 19 

400 

QRf 

134 

0 

9 27 


26 gm oats 

" 20 

140 


113 

0 

9 27 

Mixed diet 

25 “ cracked 

" 21 

90 


121 

0 

9 27 

corn 









Average 



123 




Feb 22 

235 


126 

0 

7 38 

Each day the animal received 

“ 23 

276 


99 

98 

6 30 

100 oc 0 26 N HCl divided 

“ 24 

235 


118 

24 

5 30 

into two equal doaes, one 
being given at 11 ajn > the 







other at 6 p jn 

Average 



U4 




Feb 25 

275 


mm 

16 

9 27 



" 26 

310 

BE 


7 

9 27 

Carrot diet 600 gm carrots 

“ 27 

360 

1 012 

116 

0 

9 27 



Average 



116 




Feb 28 

65 


114 

0 

6 70 



“ 29 

80 


118 

18 

4 70 

f 


Mar 1 

81 

IRS 

100 

53 

4 70 

Grain diet < 

50 " cracked 

“ 2 

73 

1^^ 

99 

54 

4 70 

1 

com 

" 3 

84 

|R 

113 

33 

4 70 



Average 



108 




Mar 4 

150 


111 

0 

6 0 

Carrot diet 600 gm carrots 

“ 5 

410 


129 

0 

9 27 



Average 



120 
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TABLE V 

The Belalion oj the Character of the Food Intale to Ph of the Unne and to 
the Elimination of Creatine 


Dmt«. 

TJiiiio 


Vol- 

ome. 

Spqgfie 

jnivity 

Crmt- 

inine. 

Cre»- 

tine. 

Ph 


me 

ce. 


mg 

mg 



Feb 16 

400 

iWilB 

94 

0 

9 27 

Male rabbit of 2,400 gm. Pre- 

“ 17 

460 

1 016 

144 

0 

9 27 

vious diet unknown 

“ 18 

350 


88 

0 

9 27 

Carrot diet 500 gm carrots 

Average 



108 




Feb 19 

400 

1 016 

110 

0 

9 27 

r25 gm oats. 

Mixed diet P “ cracked 

“ 20 

100 

1 026 

84 

0 

9 27 

" 21 

160 

1 025 

96 

0 

9 27 

1 com 
[250 gm. carrots 

Average 



97 




Feb 22 

330 

1 013 

102 

33 

7 38 

Each day the animal received 

" 23 

255 


98 

60 

5 70 

100 cc 0.25 N HCl divided 

•< 24 

250 

1 012 

100 

30 

6 30 

mto two equal doses, one 
bemg given at 11 a m , the 
other at 6 p jn. 

Average 



100 




Feb 25 

350 

1 012 

112 

14 

9 27 


" 26 

450 

1 016 

122 

0 

9 27 

Carrot diet 600 gm. carrots 

“ 27 

390 

1 013 

86 

0 

9 27 


Average 



107 




Feb 28 

90 

1 025 

121 

0 

6 90 


“ 29 

60 

1 035 

81 

7 

4 70 

f 50 gm oats 

5Iar 1 

60 

1 025 

88 

37 

4 70 

Gram diet ■) 50 “ cracked 

“ 2 

90 

1 023 

91 

64 

4 70 

[ com. 

“ 3 

68 

1 025 

92 

35 

4 70 


Average 



96 




Mar 4 

340 



14 

9 27 

Carrot diet 600 gm carrots 

" 5 

400 



0 

9 27 


Average 



107 
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TABLE VL 

The Relaiion of the Characler of the Food Intake to of the Unnc and to 
the Elimination of Creatine 


Date 

Urine 

RemarlcB. 

Vol- 

ume 

Specific 

enivity 

Creat- 

inine 

Crea- 

tine 

Ph 

1916 

ec 


mg 

mg 




Feb 16 

300 

1 oie 

100 

0 

9 27 

Male rabbit of 2,000 gm Pre- 

“ 17 

400 

1 015 

108 

0 

9 27 

viouB diet unknown 

" 18 

325 

1 016 

89 

0 

9 27 

Carrot diet 600 gm carrots 

Average 



99 




Feb 19 

325 

1 020 

80 

0 

9 27 



“ 20 

130 

1 028 

98 

0 

9 27 

Mixed diet 

l25 “ cracked 

“ 21 

130 


83 

0 

9 27 


1 corn 









Average 



87 




Feb 22 

130 


85 

0 

7 48 

Each day the animal received 

“ 23 

275 

Ivjii' 

77 

15 

5 70 

100 00 0 25 N HCl divided 

" 24 

180 

I 017 

76 

31 


into two equal doses, one 







being given at 11 am, the 







other at6p 

m 

Average 



80 




Feb 25 

275 

HI 

91 

6 

9 27 



“ 26 

425 

Ik ! 

92 

0 

9 27 

Carrot diet 500 gm carrots 

“ 27 

320 

1 012 

96 

0 

9 27 



Average 



93 




Feb 28 

80 


91 

0 

7 38 



“ 29 

65 

1 030, 

81 

34 

5 30 


25 “ cracked 

Mar 1 

45 


90 

46 

5 30 

Gram diet 


“ 2 

70 


90 

42 

5 30 



“ 3 

60 


65 

50 

5 30 



Average 

{■I 

B 

83 




Mar 4 

ISO 

■MiiH 

70 

23 

9 27 

Carrot diet 500 gm carrots 

“ 6 

340 


82 

0 

9 27 



Average 

■ 

B 

76 
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SUMMAKT 

Upon a diet of oats and com, containing an adequate supply 
of carbohydrate, creatine promptly appears m the unne of the 
rabbit A marked condition of acidosis, as measured by the hy- 
drogen ion concentration of the urme is always associated with 
this phenomenon Oats and com are pronounced acid-produc- 
mg foods On the other hand, if a base-producmg food, such as 
carrots, is fed to rabbits with creatmuna, this symptom rapidly 
disappears as the urme becomes alkahne 
The protem per se is without special significance m the phenome- 
non under discussion, for upon a diet consistmg of oats, com, 
and carrots creatme fails to appear m the urme, and the reaction 
of the latter remains alkahne Equally significant is the fur- 
ther fact that the mgestion of hydrochlonc acid with the mixed 
diet causes the appearance m the urme of significant quantities 
of creatme Simultaneously the hydrogen ion concentration 
of the unne is markedly mcreased 
The conclusion seems justified that there is an mterrelation- 
ship between acidosis and creatme elimination Creatme m 
the urme may prove to be an mdex of a condition of acidosis 
m the organism 




STUDIES m CREATINE METABOLISM 

n. THE IHELTJENCE OF ALKALI UPON CREATINE ELIMINATION 
DURING INANITION 

By frank P UNDERHILL 

{From the Sheffield Laboratory of Physioloyical Chemistry, Yale University, 

New Haven ) 

(Received for publication, July 31, 1910 ) 

It IS ■well recognized that during inanition creatine appears in 
the urine of -the rabbit m significant quantities and it is hkewise 
well known that in a starving condition the unne becomes mark- 
edly acid m reaction This change m reaction of the urme has 
been explamed by the assumption that the starving herbivorous 
animal feeds upon its own tissues m an effort to denve sufliaent 
fuel for its needs and under these orcumstances is to all mtents 
and purposes with respect to the character of its metabolism a 
carnivorous animal Dunng the process of dismtegration of tis- 
sue thus devoted to calorific needs acids are formed which must 
be neutrahzed by fixed alka lies of the organism and this contmual 
demand for alkah results m base depletion eventually — a concom- 
itant of which IS the e limin ation of creatme m the urme 

Accordmg to these ideas, 'then, in starvation m the rabbit there 
should be a grea'tly mcreased hydrogen ion concentration m ■the 
urme That such a condition obtains may be seen from ■the 
data m Table I Here it is shoivn that creatmuna and a mark- 
edly high hydrogen ion concentration occur simultaneously 
These results are m agreement "with the hypothesis ad^ranced m 
the precedmg paper, namely, that creatme m the urme is asso- 
ciated ivith a condition of acidosis and may be mdependent of 
the carbohydrate supply On the other hand, durmg the creati- 
nuria of inanit ion m ■the rabbit^ and m permcious vomiting of 
pregnancy* carbohydra^te mtroduction mto the body iviU either 

• Mendel, L B , and Rose, W C , J Biol Chem , 1911-12, x, 213 
'Underhill F P , and Rand, R F , Arch Int Med , 1910, v, 61 
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greatly diminiBh or totally inhibit the excretion of creatine This 
may be explamed by assuming that there is diminished tissue 
breakdown after carbohydrate mtroduction, hence decreased acid 
formation, so that base depletion is inhibited more or less com- 
pletely 

If these ideas are correct, and m particular the view that base 
depletion is responsible for creatme elimmation, it would appear 
reasonable to assume that durmg creatmuria, as m manition, 
administration of base should either markedly decrease or entirely 
prevent the appiearance of creatme m the urme The results of 
four such experiments may be found m Tables H, IH, IV and V 

Inspection of these data will show that the subcutaneous in- 
jection of SO CO of a 2 per cent solution of sodium hydroxide 
caused the creatme m the urme of three (Tables H, HI, and IV) 
starvmg rabbits to completely disappear and m a fourth animal 
(Table V) creatmuria was notably diminished In only one m- 
stance. Table III, did the urme of the mjection day, Jan 16, 
become alkaline A similar mjection of alkah on the following 
day was without influence upon creatme excretion m three out 
of the four experiments In the fourth, Table V, creatme excre- 
tion contmued low A subsequent (Jan 19) larger administra- 
tion of base was without signiflcant mfluence m two instances. 
Tables II and V, m one. Table III, there was a noticeable drop 
m creatme excretion and m Table TV it may be observed that 
creatmuria was completely abolished In afl cases after the final 
mjections the urmes became noticeably alkahne 
The experiments clearly demonstrate that administration of 
alkah may decrease or entirely mhibit the appearance of creatine 
m the urme durmg mamtion This effect cannot be regarded 
merely as a failure of creatme excretion as, for example, by an 
action upon kidney function, for under these circumstances it 
might fairly be assumed that creatnime ehmmation would also 
be mfluenced The data show that creatmme excretion is not 
changed materially by administration of alkah The conclusion 
IS therefore justified that alkah checks or inhibits temporarily 
the formation of creatme, or, viewed from another standpomt, 
facihtates its further transformation m the organism The in- 
fluence of alkah upon creatme ehmmation is only temporary, as 
might be expected, masmuch as the mtroduction of alkah merely 
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neutralizes acid produced and does not completely or per m a n e n tly 
inlubit acid production In other words, even though alkah is 
furnished, acid contmues to be formed as the result of the organ- 
ism’s need for fuel Consequently as the transformation of tis- 
sue, m the absence of sufficient glycogen and fat, mto energy- 
producmg substances becomes greater and greater the influence 
of small mjections of alkali becomes correspondmgly diminish ed 
as may be seen from Tables H, m, and V There seems to be 
a stage m metabohsm where creatme elimination durmg starva- 
tion may be inhibited by administration of alkali Beyond this 
pomt alkah mtroduction may or may not exert an influence 


tabie I. 

The Influence of Starvation upon the Fs of the Unne and upon Creatine 

Elimination 


Date. 

Unne. 

Volome 1 

Tot»lN 

Creatinine. 

Creatine. 

Ph 

Rabbit 3 

1916 

«. 1 

ffm 


mg 


May 1 


0 56 

68 

0 

7 6 

“ 2 

36 

1 04 

76 

17 

6 4 

“ 3 

83 

1 71 

76 

70 

4 9 

“ 4 


2 58 

82 

108 

4 7 

“ 6 

46 

0 34 

32 

78 

6 3 

Rabbit 4. 

May 1 

64 

0 56 

78 

0 

7 6 

“ 2 

42 


86 

20 

6 2 

“ 3 

36 


79 

66 

5 8 

“ 4 

34 


76 

95 

5 8 

“ 6 

31 

1 21 

SO 

90 

4 7 
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TABLE n 


The Influence of Alkali upon Crealine Elimination During Inanilion 


Date 



XJnne. 




Bemaiics. 

Vo^ 

mne. 

Specific 

gravity 

Reaction to 
litmus 

Croat- 

inino. 

Crea- 

tine. 


tm 

Jan 12 

cc, 

60 

1 035, 

Acid 

mtr 

114 

mo 

0 

Male rabbit of 2,100 
gm 

Pasting 

“ 13 

60 


« 

90 

29 

U 


“ 14 

60 

less 


101 

16 

ft 


“ 16 

40 

1 045 

U 

72 

34 

tt 


“ 16 

60 

1 045 

it 

101 

0 

u 

10 46 am sub 

“ 17 

60 

1 030 

It 

86 

46 

u\ 

cutaneous injec 
tion of 60 CO 2 0 
per cent NaOH 

“ 18 

60 

1 035 

Alkaline 

90 

42 

tt 


“ 19 

80 

1 030 

It 

96 

60 

tt ■ 

10 46 am and 

“ 20 

60 

1 030 

tt 

96 

62 

tt 

J 

6 00 pjn intra 
• venous injection 

I of 60 CO 2 0 per 
cent NsjCOj 


TABLE m. 

The Influence of Alkali upon Crealtne Ehminalion During Inanition 


Date 

Urine 

Remarks 

Vol 

nme 

Specific 

gravity 

Reaction to 
litmus 

Croat 

inise 

Crea- 

tine 

me 

ce 



me 

me 

Female rabbit of 2,400 







gm 

Jan 12 

250 

■Bjjn 

Acid 

88 

Kl 

Fasting 

“ 13 

46 


i* 

96 

■a 

ft 


“ 14 

60 

■BR 

tf 

106 

35 

tt 


“ 16 

60 

■KB; 

tt 

100 

35 

tt 


“ 16 

60 

1 035 

Alkaline 

101 

0 

It 

10 45 am sub- 








cutaneous injec 
tion of 60 cc 2 0 

“ 17 

50 


tf 

80 

03 

tt > 

per cent NaOH 

" 18 

50 


tt 

101 

71 

tt 

10 46 am and 

“ 19 

SO 

1 035 

tt 

90 

27 

tt 

6 00 pm infra 
venous injection 
of 50 cc 2 0 per 

“ 20 

40 


tf 

83 

29 

it 

cent Nn,COi 
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TABLE IV 


The Influence of Alholx upon Creatine Eliminalion During Inamtxon 


Date 



TJrlna, 




Remarks. 

VoV 

ume. 

Specific 

gravity 

Beaetion to 
litmus 

Creat- 

inine. 

Cren- 

tlno 


ms 

Jan 12 

cc 

270 

1 008 

Acid 

mg 

70 

mg 

8 

Female rabbit of 2,100 
gm 

Fasting 

“ 13 

70 

■ ■15111 

t€ 

81 

10 

tt 


" 14 

40 

1 035 

U 

75 

18 

ti 


“ 15 

40 

1 035 

tt 

75 

17 

“ 


“ 16 

40 

1 025 

" 

59 

0 

tt 

10 45 a m subcu- 

« 17 

SO 

1 035 

Alkaline 

75 

23 

tt . 

taneouB mjection 
of 50 cc 2 0 per 
cent NaOH 

“ 18 

40 


it 

76 

37 

tt 


“ 19 

90 


ft 

70 

23 

•<] 

10 45 am and 

" 20 

30 

1 035 

it 

57 

0 

tt 

5 00 pjn intra- 
■ venous mjection 
of 50 cc 2 0 per 
cent Na COj 


TABLE V 

The Influence of Alkali upon Creatine Elirmnalion During Inanition 





Unne 




Remarks. 


Vol- 

ume. 

Sped&c 

gravity 

Reaction to 
litmus. 

Great 

ininc 

Crto- 

tine 


1016 

Jan 12 


1 023 

Acid 

mg 

96 

mg 

0 

Female rabbit of 2,400 
gm 

Fastmg 

“ 13 

60 

■■l|U 

it 

101 

71 

(( 


“ 14 

50 


ft 

85 

45 

“ 


“ 15 

40 


tt 

90 

39 

(1 


“ 16 



tt 

95 

7 

(( 

10 45 ajn subcu- 
taneous mjection 
of 60 cc 2 0 per 
cent NaOH 

“ 17 


■ 

AliAlme 

115 

10 

1 

.1 

“ 18 

60 


Acid 

124 

65 

tt 


“ 19 

110 


Alkaline 

89 

68 

“1 

10 45 ajn and 

“ 20 

70 

1 035 

tt 

108 

63 

.. 

5 00 pm mtra- 
► venous mjection 
of 50 CO 2 0 per 
cent NdiCOj 
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TABLE n. 


The Influence of Alkali upon Creatine Elimination Dunng Inantlton 


Date. 



Urine 




Hemarki. 

Vol 

mne. 

SpadGc 

gravity 

Beartion to 
litznoj 

Great* 

mine. 

Crea- 

tmo. 


me 

Jan 12 

cc. 

60 

1 036 

Aoid 

mg 

114 

mg 

0 

Male rabbit of 2,100 
gm 

Fasting 

“ 13 

60 

■ ■Igl 

t( 

90 

29 

tf 


" 14 

60 


U 

101 

16 

tt 


“ 16 

40 

1 046 

U 

72 

34 

tt 


" 16 

60 

1 046 

tt 

101 

0 

tt 

10 45 am sub- 

“ 17 

60 



86 

46 

„J 

cutaneous injec 
^ tion of 60 CO 2 0 
per cent NaOH 

“ 18 

60 

1 036 

Alkalme 

90 

42 

tt 


“ 19 

80 

wm 

U 

96 

60 

tt ■ 

10 45 am and 

“ 20 

60 

1 030 

U 

95 

62 

tt 

6 00 pjn intra 
venous injection 
of 60 cc 2 0 per 
cent NbjCOj 


TABLE m. 

The Influence of Alkali upon Creatine Elimination During Inanition 


Date 

Urine 


Hemarkt. 

Vol 

Specific 

Reaction to 

Great 

Greo- 





tune. 

gravity 

litmus 

inine. 

tine. 



Idle 

cc 



mg 

mg 

Female rabbit of 2,400 





88 


gm 

Jan 12 

250 


Acid 

13 

Fastmg 

CO 

45 

1 035 

U 

95 

14 

tt 


“ 14 

60 

1 032 

if 

106 

35 

tt 


“ 16 

50 

1 036 

“ 

100 

35 

tt 


“ 16 

60 

1 035 

Alkaline 

101 

MM 

tt 

10 45 am sub- 








cutaneous injec 
tion of 60 cc 2 0 

■' 17 

50 


H 

80 

63 

It . 

per cent NaOH 

" 18 

60 

1 040 

tt 

101 

71 

tt 

10 45 am and 

“ 19 

SO 

1 035 

4t 

90 

27 

it ' 

6 00 pm intra 
venous injection 
of 60 cc 2 0 per 

" 20 

40 


it 

83 

29 

it 

cent Nn,CX3j 


















STUDIES m CREATINE METABOLISM 


in. THE INFLUEKCE OF ALKALI UPON THE CREATINURIA OF 
PHLORHIZIN GLYCOSURIA. 

Bt frank P UNDERHILL and EMIL J BAUMANN 

(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 

New Haven ) 

(Received for publication, July 31, 1916 ) 

Creatinum occurs during phlorhizin glycosuria Coincident 
with this there is evidence of carbohydrate deficiency and a 
well marked acidosis In view of the fact that m starvation 
control of the acidosis may lead to disappearance of creatme 
from the urme of the rabbit it was deemed of importance to deter- 
mme what influence is to be exerted upon the creatinuna pro- 
voked by phlorhizm upon administration of relatively large 
quantities of sodium bicarbonate 

Methods 

Throughout the period of mvestigation the dogs employed 
were allowed to fast The animab were given subcutaneous doses 
of 1 gm. of phlorhizm dissolved m 10 cc of ohve oil on 2 suc- 
cessive daj'B previous to the experimental penod and thereafter 1 
gm everj alternate day Each day was divided mto two 6 hour 
penods and one 12 hour period, by catheterization For the 
estimation of sugar the method of Benedict* was employed and 
creatme was determined accordmg to the procedure of Graham 
and Poulton.* Sodium bicarbonate was administered by mouth 
m gelatm capisules during the 6 hour pienods but was not given 
dunng the 12 hour penods 

It 15 apparent from the data presented m Tables I and II that 
the administralion of rdatiedy large quanlitvis of sodium bicar- 

1 Eered.:*, S B-, J Bio' Chrn , 1911, ve, 57 

» G-almn, G , tnd Pcral jjn, E. P , Proa Boy Sou, Sentx B, 19J4, Lccrm, 
205 
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SDMJtABT 

Administration of alkali during the earher days of starvation 
may greatly diminish or completely abolish the creatmuna of 
that condition Later m the period of inamtion mtroducUon of 
alkah may not show as marked an influence upon the existing 
creatmuria 

The results of these experiments lend support to the hypothesis 
that there exists a relationship between acidosis and creatme 
e limin ation 
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table l 


The Influence of Alkali upon Creahne Excretion in PMorhixin Olycosuna. 


Date. 

Unne. 

1 

i 

Hconarls. 

Total N 

Dertroae. 

Cresk- 

tinine 

N 

Creft- 

tiDB N j 

D 

N 

£ 

■s 

1 

0 hr poriod 

1 

0 hr period 

•g 

I 

n 

■i 

11 

■S 

J3hr poHod 

u 

JS 

12 hr period) 

1916 

fftn 

cm. 

1 

enu 

rrtj 

tng 

ms 1 

ms 




June 6 

1 99 

4 85 


34 55 

45 


85 

19 

10 25 

7 12 

June 4 and 6 each, 












1 gm phlorhi- 












zin 

« 7 

1 18 


19 83 




78 




f 1 gm phlorhirm 


1 73 

2 91 

14 61 

34 34 


Hia 

21 

99 


11 78 

]4 “ NaHCO, 












1 per hr 



5 46 


21 24 


83 


no 

1 


No NaHCO, 

" 8 

1 88 


14 22 


39 


60 


7 56 


/2 gm NaHCO, 


1 96 

3 84 


27 82 

49 

88 

45 

95 

6 95 

7 24 

\ per hr 
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No NaHCO, 


Urmea obtained during periods of sUrali administration were strongly 
alkaline During the other periods unnes were acid. 
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boTiale ts without appreciable influence upon the elimination of crea- 
tine during phlorhizin glycosuria Tiua is equally true whether 
the animal is m a state of complete phlorhizmation or not 
The preceding paper has shown that administration of alkah is 
much more potent m abo lishin g creatmuna m the early days 
of starvation than it is m the later periods of mamtion, perhaps 
because of the greater difficulty of controUmg the condition of 
acidosis In the present work it is possible that the same rea- 
sonmg may hold also, that is, that durmg phlorhuan mtoxica- 
tion the occasion for acid production is so great that its success- 
ful control IS improbable In Ime with this view stands the fact 
that the mgestion of alkali as earned through m these expemnents 
seemed to have httle or no influence upon the excretion of ketone 
substances judged by quahtative tests On the other hand, it 
would seem reasonable to assume that the givmg of these large 
quantities of alkali should exert at least a shght action upon 
creatme excretion if the condition of acidosis, that is, alkah de- 
pletion, IS to be considered as the stimulus for the production of 
creatme One is therefore forced to the conclusion that more 
than one factor may govern the mechanism leading to creatmuna 
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TABLE L 


The Influence of Alhali upon Creatine Excretion in PhXorlnxin Glycosuria, 



Urine. 

Hemfirla. 

Total N 

Dertrooc, 

Cree- i 

famno 

N 
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N 
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TABLE n 

The Influence of Allah upon Creahne Excretion in Phlorhmn Olycotuna 


Urine 


Date 

Total N 

Dertroee. 

Great* 

inine 

N 

Creo 

tinoN 

D 

N 

Remarha. 

(J hr period 

12 hr period 

0 hr period 

12 hr period 

8 hr period 

12 hr period 

8 hr period 

12 hr penod 

0 hr period 

12 hr period 


me 

gm 

17m 

gm 

gm 

B 







May 29 

1 32 


5 98 


22 




4 62 


May 27 and 28, 1 












gm phlorhixin 


1 43 

2 75 

5 65 
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EIS 


May 29 no Na 












ECO, 

" 30 


1 

2 27 


7 87 


26 


1 

90 


3 47 

1 NoNaiCOj 


(Igil 


6 12 


17 


49 


3 82 


f 1 gm phlorhmn 


1 57 

3 17 

6 68 

lIKiU 

16 

32 

50 

99 

US 

3 72 

1 1 “ NnHCO. 












[ per hr 

“ 31 

■ 

M 

3 66 


12 

29 

51 

1 

3 62 

4 70 

No NaHCOj 
/ 2 gm NaHCOi 




3 41 

6 97 

12 

24 

54 


3 18 

3 40 
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June 1 

m 

1 48 
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6 62 

10 

22 

36 

83 


4 48 

No NojCOj 
flgm phlorhiiiD 


1 

1 59 


4 64 

8 

18 

27 

63 

2 98 

2 92 

h “ NaHCOi 
[per hr 


Urines obtained during periods of alkali administration were alkaline 
During the other periods urines were acid 
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IV THE BELATIONSHIP OF CREATHTORIA TO CARBOHYDRATE 
METABOUSM AND ACIDOSIS 

Bt frank P UNDERHILL aiJd EMIL J BAUMANN 

(From Ihe Sheffield Laboratory of Phynolojical Chemislry, Yale Umversxly 

New Haven ) 

(Received for publication, July 31, 1916 ) 

In 1908 it tvas shown by Underhill and Kleiner’ that the sub- 
cutaneous injection of hydra 2 ane sulfate called forth, among 
other symptoms, a condition of marked creatmuria The crea- 
tme eliminated under these circumstances was much greater 
than could be accounted for by the attendant starvation Later 
work’ demonstrated that hydrazme mjections resulted mvanably, 
m dogs, and occasionally m rabbits, m a state of distmct hypogly- 
cemia without the appearance m the urme of any reducmg sub- 
stance and with a temporary disappearance of glycogen from the 
hver and muscles, accompamed by an mcreased respiratory 
quotient* Recently MacAdam* has called attention to the 
fact that hypoglycemia may be produced mvariably m rabbits 
provided the dose of hydrazme is sufBciently large The same 
mvestigator has also pomted out that there is a close association 
between the condition of hypoglycemia and creatmuna for 
“after hydrazme mjection m rabbits (a) if no alteration m the 
sugar content of the blood occurs, no marked creatmuna results, 
(b) but the excretion of creatme is associated with a condition 
of hypoglycemm ” From these results it would appear that 
support IS afforded the current view concemmg creatmuna, 
namely, that creatme m the urme is closely associated with a 
deficiency of carbohydrate m the body 

‘ Underhill F P , and Kleiner, I S , J" Biol Chem , 1933, ly, 165 

' Underhill, F P , J Biol Chem , 1911, x, 159, also Underhill, F P , 
and Hogan, A G , ibid , 1915 xx, 233 

• Underhill, F P , and Murlin, JR., / Biol Chem , 1915, xxu, 499 

* MacAdam, W , Biochem J , 1915, ix, 229 
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As outlined in the preceding papers® creatine may find its 
way mto the urme of the rabbit at least under circumstances 
which exclude the possibihty of carbohydrate deficiency On 
the other hand, the data presented m the papers to which refer- 
ence IS made mdicate that creatmuria is connected with a con- 
dition of acidosis m the sense of withdrawal of base from the body 
Acidosis and carbohydrate deficiency usually accompany one 
another, mdeed the first may many times be regarded as the 
sequel of the latter In hydrazme one has an excellent example 
of carbohydrate deficiency The question therefore naturally 
arises, Whether the creatmuria mduced by hydrazme is caused 
by carbohydrate depletion or by an accompanymg acidosis 
Or must it be recognized that creatme m the urme may arise 
as a result of two entirely different types of mechanisms being 
set m motion? May creatme appear m the urme with deficiency 
of carbohydrate without acidosis and may creatmuria be present 
m conditions of acidosis with a sufificiency of carbohydrate m 
the body? The latter part of the question has already been 
answered m the affirmative by the data m the precedmg papers ‘ 
The query whether creatme may be excreted m the urme under 
circumstances where carbohydrate depletion prevails without 
an accompanymg acidosis demands an answer which it is the 
object of the present commimication to furnish and for this 
purpose the creatmuria mduced by hydrazme has been studied 
m the dog 

Methods 

Inasmuch as animals refuse to eat after hydrazme administra- 
tion it becomes essential to determme the mfluence of starvation 
upon the factors under discussion before proceedmg to a con- 
sideration of the effect of hydrazme Accordmgly dogs were 
allowed to starve for a period of 5 days, urme being collected m 
24 hour periods by catheterization, precautions bemg used to 
prevent bladder infection With these specimens of urine de- 
termmation was made of the total mtrogen, the creatimne' 
mtrogen, and the creatme^ mtrogen The sugar content of the 
blood drawn from the ear van was estimated by the method of 

» Underhill, J Biol Chem , 1910, xrvi, 127, 141, 147 
• Folin’s method 
’ Benedict and Myers’ method 
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Benedict and Lewis ® Following the period of inamtion the 
dogs were well fed on a mixed diet over a period sufficient to 
allow them to regam their normal body weight At this tune 
they were given subcutaneous mjecbons of hydrazme sulfate 
m the dosage of 50 mg per kdo body weight and estimations 
were made upon the urme and blood as detailed above, except 
that 12 hour periods were employed instead of 24 hour periods 
This was done especially for the purpose of correlatmg more 
closely changes m blood sugar and creatme of the urine Where 
deternunations of the hydrogen ion concentration of the urme 
were earned through the procedure of Henderson and Palmer* 
was employed 

The ^ta m Tables I, IT, m, and IV show very clearly that 
hydrazme mduces a marked creatmuna which is far m excess 
of that provoked by starvation The appearance of creatme m 
the urme m significant amounts is comcident with the penod of 
hypoglycemia With the return of blood sugar to norma l crea- 
tmuna falls m general, m one instance to the starvation level 
It IS evident then that creatmuna and hypoglycemia are closely 
associated and it is probable that the appearance m the urme of 
creatme is dependent upon the hypoglycemia It is also to be 
noted that the total mtrogen of the urme durmg the hydrazme 
period IS markedly higher than with simple mamtion Prom 
this one might query whether the creatme was denved from 
tissue dismtegration mduced by the condition of hypoglycemia 

Hypoglycemia after hydrazme mtoxication is not associated 
with the appearance m the urme of any of the typical compounds 
usually connected with the term acidosis, as ketone substances, 
lactic acid, etc This has been demonstrated by Underbill and 
Klemer’ and by MacAdam ■* It became of mterest therefore to 
deterrome the hydrogen ion concentration of the urme as an 
mdex to the changes takmg place m the body with regard to 
the acid-base equibbrium In the dog this is exceedmgly diffi- 
cult of accomplishment where catheterization is practiced, owmg 
to the fact that error is likely to be mtroduced m the mterpreta- 
tion of the results For example, if the urme showed a change 
from an acid to an alkalme reaction it would be difficult to de- 
termme convmcmgly whether the change had occurred m the 

* Lewis, R. C , and Benedict, S R., J Biol Chem , 1915, xx, 61 

• Henderson. L. J . and Palmer. W W . J" Biol (7A«n -n,, 
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bladder or elsewhere Again, m order to insure freedom from 
bladder infection it is customary m this laboratory to allow a 
few cc of boric acid to remain m the bladder after cathetenzation 
It became necessary, therefore, to determme the hydrogen ion 
concentration upon samples which had been voided spontaneously 
The results of such a study first durmg a preliminary starvation 
period and then after hydrazme administration are given m 
Table V In general, durmg the period of inanition the urme 
became progressively more acid whereas tn the hydrazine period 
the distinctly acid unne voided at the beginning of the period showed 
a marked temporary change to alkalinity followed by a resumption 
of the acidity The decrease m hydrogen ion concentration 
corresponds well with the period of low blood sugar as deterrmned 
by previous mvestigations smce hypoglycemia obtains first from 
the 36th to the 48th hour after administration of hydrazme and 
persists for less than 48 hours The alkaluuty of the urme was 
undoubtedly due to the presence of a carbonate smce on acidi- 
fication carbon dioxide was given off 

These results make it evident that in hydrazane mtoxication 
the mcreased creatmuria cannot be ascribed to a condition of 
marked acidosis Taken m connection with the data already 
reported they also lead to the conclus on that m the consideration 
of the cause of creatmuria at least two types of factors may be 
potent In the first place creatme may appear m the urme m 
conditions of acidosis where the question of carbohydrate de- 
ficiency IS not mvolved, and secondly, a marked creatmuria 
may be mduced durmg carbohydrate deficiency even when acido- 
sis IS absent A glance at Tables I to IV will reveal one other 
characteristic effect of hydrazme, namely, a noticeably mcreased 
output of mtrogen when comparison is made with correspondmg 
figures for the period of simple starvation Will this mcreased 
mtrogen output mdicatmg tissue dismtegration account for the 
augmented creatme excretion? 

The observations here presented repeat once again the relation- 
ship existmg between a state of alkalosm and blood sugar con- 
tent A previous commimication*® has demonstrated that mtro- 
duction of alkali into rabbits may at times appreciably lower 
blood sugar content After thyreoparathyroidcctomy“ m dogs 

>“ Underhill, J Biol Chem , 191G, xxv, 403 

" Tindcrhill, r P nnd Blathermck, N Biol Chem , lOH xviii, 87 
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blood sugar may fall markedly and at this period a condition of 
alkalosis'^ exists With hydra2ane hypoglycemia it is probable 
that the same state is present It is apparent therefore that 
there is a dose relationship between blood sugar content and the 
acid-base equUibnum in the body 

TABLE L 


The Influence of Eydranne upon the Excretion of Creatine 



me 
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mg 

mg 
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0 15 
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SR 
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0 14 

SR 

previous to 
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0 094 

beginning of 
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28 

14 
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25 

45 

39 
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7 1 
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43 

38 
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” Wilson, D W , Steams, T , and Thurlow, M D , J’ Biol Chem , 1916, 
xxiii 100 Wilson D W , Steams T and Janney, J H , Jr , ibid , 1915, 
xviu, 123 
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bladder or elsewhere Again, in order to insure freedom from 
bladder infection it is customary m this laboratory to allow a 
few cc of boric acid to remain m the bladder after catheteriEation 
It became necessary, therefore, to determme the hydrogen ion 
concentration upon samples which had been voided spontaneously 
The results of such a study first durmg a preliminary starvation 
period and then after hydrainne admmistration are given m 
Table V In general, durmg the period of mamtion the urme 
became progressively more acid whereas tn the hydrazine period 
the distinctly acid urine voided at the beginning of the period showed 
a marked temporary change to alkalinity followed by a resumption 
of the acidity The decrease m hydrogen ion concentration 
corresponds weU with the period of low blood sugar as determmed 
by previous mvestigations smce hypoglycemia obtains first from 
the 36th to the 48th hour after administration of hydrazme and 
persists for less than 48 hours The alhahmty of the urme was 
undoubtedly due to the presence of a carbonate smce on acidi- 
fication carbon dioxide was given off 

These results make it evident that in hydrazme mtoxication 
the mcreased creatmuria cannot be ascribed to a condition of 
marked acidosis Taken m connection with the data already 
reported they also lead to the concluaon that m the consideration 
of the cause of creatmuria at least two types of factors may be 
potent In the first place creatme may appear m the urme m 
conditions of acidosis where the question of carbohydrate de- 
ficiency IS not mvolved, and secondly, a marked creatmuria 
may be mduced durmg carbohydrate deficiency even when acido- 
sis IS absent A glance at Tables I to IV will reveal one other 
characteristic effect of hydrazme, namely, a noticeably increased 
output of mtrogen when comparison is made with corresponding 
figures for the period of simple starvation Will this mcreased 
mtrogen output mdicatmg tissue dismtegration account for the 
augmented creatme excretion? 

The observations here presented repeat once agam the relation- 
ship existmg between a state of alkalosm and blood sugar con- 
tent A previous commimication'® has demonstrated that mtro- 
duction of alkali mto rabbits may at times appreciably lower 
blood sugar content After thyreoparath 3 uoidectomy“ m dogs 

>» Underhill, J Biol Chem , 1916, xxv, 403 

" Underhill, F P and Blathermck, N R , / Biol Chem , 1911, xvm, 87 
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TABLE m. 

The Influence of Hydrazine upon the Excretion of Creatine 



Starvation period 
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TABLE JX 

The Influence of Hydranne upon the Excretion of Creatine 



Starvation penod 



Bitch of 16 
kilos Last 
meal 24 hifl 
previous to 
begmning of 
experunent 


Hydrasine period 
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TABLE V 


The Influence of Siarvatwn and of Hydrazine upon the Hydrogen Ion Con- 
centration of the Urine 



j Doc 0 

Dog lO 

Date, j 

Time of 

Pb 

Time of 

Vh 


joictontioD I 

mictuntiom 


Sfarvation penoJ Last meal May 8, 10 a m 


May 8 

6pm 

7 14 



“ 9 

9am 

7 00 

3pm 

7 40 

" 10 

9 " 

7 38 




5 pm 

7 00 

1 


“ 11 

9 ajn 

6 90 

9am 

7 00 


5 pjn 

6 90 



“ 12 
“ 13 

9am 

6 30 

9 “ j 

6 00 


Hydrazine penod May 25, subcutaneous mjection of 50 mg per kilo 

hydrazine sulfate 


May 26 

9 ajn 

5 70 


6 15 

“ 27 

10 “ 

5 70 

mmm 

6 30 


5pm 

6 70 

5 pan j 

6 30 

“ 28 

9 ajn 

7 41 

10 a m 

9 27 


3pm 

7 45 

1 



9 " 

6 70 



“ 29 

9am 

5 60 

9am 

7 38 



1 

9 pan 

6 00 

“ 30 



9am 

6 70 


SUMMABY 

The subcutaneous administration of hydrazme to dogs mduces 
a marked creatmurm which m general closely parallels the penod 
of hypoglycemia provoked These observations corroborate the 
results of previous mvestigations 

Durmg the period of hypoglycemia and most marked creatm- 
una the hydrogen ion concentration of the urme is greatly de- 
pressed — even to the pomt of marked alkalmity The alkalinity 
IS probably due to the presence of carbonates 

The relationship of hypoglycemia and alkalosis agam emphasizes 
the significance of acid-base equihbnum in the regulation of the 
blood sugar content 
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TABLE IV 

The Influence of Hydranne upon the Excretion of Creatine 
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TABLE V 


The Influence of Slarvalton and of Hydrazine upon the Hydrogen Ion Con- 
centration of the Unite 


Date 


[ I>0£ 10 

Time of 
znictuntioQ 

Pb 

Time of 
mictuntion. | 

Jh 

Sfarvation penoJ Last meal May 8, 10 a m 

May 8 

6pm 

7 14 



“ 9 

9am 


3pm 

7 40 

“ 10 

9 “ 

7 38 




5pm 




“ 11 

9am 


9am 

7 00 


5pm 

6 90 



" 12 

9am 

6 30 



“ 13 



9 “ 

6 00 

Hydrazme penod May 25, 

subcutaneous : 

mjection of 50 

mg per kilo 


hydrazme sulfate 


May 26 

9am 

6 70 


6 16 

“ 27 

10 “ 

5 70 




5 p m 

6 70 

5pm 


“ 28 

9am 

7 41 

10 a m 

9 27 


3 pan 

7 45 




9 “ 

6 70 



“ 29 

9am 

5 50 

9 a m 

7 38 




9 pjn 


“ 30 
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1 6 70 


SUMMARY 

The subcutaneous admmistration of hydrazme to dogs induces 
a marked creatmuria which m general closely parallels the penod 
of hypoglycemia provoked These observations corroborate the 
results of previous mvestigations 

Durmg the period of hypoglycemia and most marked creatm- 
una the hydrogen ion concentration of the urme is greatly de- 
pressed — even to the pomt of marked alkalmity The alkahmty 
IS probably due to the presence of carbonates 
The relationship of h3^oglycemia and alkalosis agam emphasizes 
the significance of acid-base equihbrium in the regulation of the 
blood sugar content 
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The results here presented make it evident that creatine 
ehinination m the urme may be mduced by at least two difFer- 
ent sets of conditions (1) creatme may appear m the urine in 
states of acidosis where carbohydrate deficiency is not mvolved 
and (2) creatmuria may be present durmg carbohydrate defi- 
ciency even in the absence of acidosis 



ALTERATIONS IN THE OUTPUT OF CERTAIN URINARY 
CONSTITUENTS AS DETERMINED BY CHANGES 
IN THE CHARACTER OF THE DIET 

Br FEANK P UNDERHILL and L JEAN BOGERT 

{From the Sh^field Laboratory of Physioloyical Chemistry, Tale University 

New Haven ) 

(Received for pubhcation, July 31, 1916 ) 

Changes m the character of the diet may induce the appear- 
ance of creatme m the unne or may cause it to disappear there- 
from Rabbits fed upon a mixture of com and oats excrete 
creatme m the unne A carrot diet causes the unnary creatme 
to disappear The character of the protem of the diet plays 
httle or no r61e smce the unne ehmmated by rabbits upon a 
mixture of com, oats, and carrote remains creatme-free By 
the addition of hydrochlonc acid to the mixed diet creatmuna 
IS mduced Smce com and oats are acid-producmg foods and 
carrots are base producers, the facts noted above with respect 
to the appearance or abolishment of creatmuna have been ex- 
plamed by the hypothesis that a condition of acidosis, m the sense 
of base withdrawal from the body, is responsible for the appear- 
ance of creatme m the unne This condition may be abolished 
or prevented by the mgestion of base-producmg foods, like carrots 
In view of these facts it seemed desirable to determme whether 
changmg the character of the diet m the manner mdicated above 
would effect alterations m the output of other unnary constit- 
uents, consideration of course bemg given to the differences 
m mtake of vanous components of the diet This attempt 
forms the subject of the present paper, the results obtamed be- 
mg detaded m the tables appended 
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Methods 

The urme was divided mto 24 hour periods by expressing it 
from the bladder by pressure through the abdommal wall Total 
mtrogen m the urme was estimated by the Kjeldahl method, cre- 
atmme by the Polm method, creatme accordmg to Benedict and 
Myers, hydrogen ion concentration by the procedure of Hender- 
son and Palmer, ammonia by the Folm aeration method, phos- 
phorus by titration with uranium mtrate, and calcium accordmg 
to McCrudden Phosphorus m the food was estimated by the 
Neumann method The "gram diet” consisted of 50 gm cracked 
com and 50 gm oats The "carrot diet” contamed 500 gm 
fresh carrots The “mixed diet” consisted of 25 gm cracked 
com, 25 gm oats, and 250 gm carrots Durmg the acid period, 
hydrochloric acid was administered by stomach tube twice daily 
at mtervals of 8 hours m the dosage of 50 cc 0 25 n HCl The 
variations m the mtake of mtrogen and phosphorus on the gram 
diet are due to the variable amounts of food actually mgested 

The one stnkmg feature of the experiments may be seen by 
inspection of the tables relative to the gram diet Compared 
with the mtake the unnary phosphorus output is very large Dur- 
mg no other penod did this condition obtam Inasmuch as 
at this mterval the hydrogen ion concentration of the urme was 
greatest it is probable that the excessive elimmation of phos- 
phorus m this mstance at least may be accepted as a means 
through which the rabbit regulates the acid-base equihbnum of 
the organism Amm onia plays httle r61e here apparently for 
m no case was there a significant excretion of this constituent 
durmg the gram period On the other hand, the elimmation 
of a mm onia m the rabbit is very dffiBcult of mterpretation for 
although the ammoma output in Rabbits 2 and 3 was negligible 
throughout irrespective of the character of the diet significant 
quantities of ammoma were excreted through the kidney by Rab- 
bit 1, even though a base-producmg diet was fed The output 
was greatest when hydrochlonc acid was admmistered although 
not much greater than that observed without added acid With 
Rabbit 4 ammoma excretion was markedly mcreased onl> dur- 
mg the period of hydrochlonc acid feedmg It is probable, 
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then, that ammonia may play a part m the acid-base equihbnum 
of the body vmder certam conditions but the exact circumstances 
which allow or prevent this type of regulation m this manner 
remam to be determmed 

Unnary calcium output seems to be so vanable under the 
experimental conditions that no conclusion regardmg the sig- 
nificance of this element seems justified 
There is the same parallelism between creatme output and 
hydrogen ion concentration of the urme observed m previous 
papers from this laboratory upon the subject 
The experiments demonstrate beyond doubt that the excre- 
tion of creatme durmg the gram diet cannot be explamed by 
msufficiency of food mtake smce m all instances the ammalR 
were undoubtedly m mtrogen equihbnum as mdicated by the 
probable positive mtrogen balance Durmg the carrot diet, 
on the other hand, a negative mtrogen balance is always m order, 
but creatmuna does not develop, hence it is evident that the 
creatmuna. observed upon the gram diet cannot be explamed 
by food msufficiency 
The tables follow 
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TABLE I 

Rabbit 1, Male, £,S60 Gm Weight April I 4 S,SS0 Gm 
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TABLE n. 

Jtabhil 2, Male, S,4S0 Om , Weight April 14, 3 100 Om 



































































166 Alterations m Urinary Constituents 


TABLE m 

Rabbit S, Male, S,SS0 Gm , Weight April 11, £,£80 Gm 
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TABLE IV 


Eabbil 4, Male, 1,980 Gm , Weight April 11, S,0S0 6m 


Date 

Diet. 

[ntako (food) 

Unne. 

d 

i 

1 

2 

1 

£ 

6 

B 

a 

1 

11 

02 

Total N 

z 

% 

6 

*3 

J 

i 

§ 

O 

cf 

J 

1 

1 

jpiff 




ec. 

ID- 


mff 

Tttff 

me 


mg 


Mar 30 

Mixed. 

1,116 


155 

18 

646 

0 

82 

0 

9 27 

81 

28 

|DQ| 

Gram 



45 

35 

768 

0 

90 

0 

8 70 

134 

10 


(€ 

1,060 

84 

28 

60 

454 

0 

81 

0 

6 30 

99 

14 


U 


84 

25 

55 

543 

4 

95 

6 

6 00 

109 

29 


tt 

■luiS 

84 

40 

47 

695 

0 

73 

16 

5 30 


7 


ft 

757 

60 

m 

47 

763 

2 

61 

22 

5 70 

167 

28 


« 

767 

60 

41 

43 

662 


62 

22 

5 70 

138 

42 

Average 


959 

76 

36 

1 046 

647 

E 

E 

B 

m 

129 

21 

April 6 

Carrot 

BE 

240 


B 

1,010 


m 

13 

9 27 

80 

23 

“ 7 

« 


240 

m 

B 

985 

3 

86 

0 

8 70 

95 

24 

“ 8 

tt 


240 

ii 

E 

759 

s 

73 

0 

8 70 

72 

19 

Average 


715 

240 

350 

1 013 

918 

i 

m 

B 

8 89 

82 

22 


Mixed 


180 

158 

20 

738 

6 

75 

0 

m 

m 

20 

" 10 

tt 


180 

158 

19 

638 

7 

81 

0 

m 

76 

46 

Average 


1,116 

m 

158 

1 019 

687 

B 

B 

B 


76 

33 

■1 

Mixed 

ID 


262 

12 


12 

109 

0 

7 48 

115 

37 

KjjjH 

-FHCI 



m 

21 

1,108 

25 

67 

73 

5 30 

141 

48 

Average 


1,115 

ISO 

234 

1 016 

951 

18 

88 

38 

6 39 

128 

42 


SUMJIAHT 

Upon a diet of com and oats the output of phosphorus m the 
unne of rabbits is far in excess of the intake of this element in 
the food Smce the hydrogen ion concentration of the unne 
IS very high under these circumstances the great excess of phos- 
phonc acid m the unne may be regarded as a method of regulat- 
mg acid-base equihbnum m the body of the rabbit 
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TABLE m 

Rabbit S, Male, S,S£0 Om , Weight April 11, S,£80 Om 






















































THE INTERRELATIONS OF BLOOD FAT AND BLOOD 
SUGAR CONTENT OF DOGS UNDER THE 
INFLUENCE OF HYDRAZINE 

Bt nUITK P UNDERHILL and EMIL J BAUMANN 

{From the Sheffield Laboratory of Physiological Chemistry Tale University, 

New Haven ) 

(Received for publication, July 31, 1916 ) 

The metabolism of carbohydrate and that of fat are closely 
associated and mterdependent This relationship is more evi- 
dent under conditions of abnormal metabohc activity than 
it IB when the nutntive rhythm remains imdisturbed The most 
stnkmg instances of the mterrelationships of fat and carbo- 
hydrate m metaboham are to be observed m the pathological 
states mduced by intoxication with phosphorus, phlorhizm, 
and hydrazme, and m alcoholism and diabetes, which are char- 
actenzed by the so called “fatty" hvers * In general a "fatty" 
hver 18 associated with a deficiency of carbohydrate m that or- 
gan The “sugar-himgiy cells” attract fat to themselves m much 
greater quantity than they can bum it * This imphes trans- 
port of fat through the blood stream Under ordmary nutritive 
cucumstances the fat content of dogs is quite constant for the 
mdividual and for the species, which mdicates an efficient regu- 
lation ’ The blood fat content therefore may be regarded as 
one of the body constants like the blood sugar content, and 
like it is subject to deviation by a variety of agencies The 
factors which are potent m causmg changes m blood fat content 
have not been sufficiently studied to correlate them with those 
which are effective m producmg alterations m blood sugar content 

It has been demonstrated repeatedly that admmistration of 

* Por a discussion of the subject see Rosonfeld, Ergebn Physiol , 1902, 

I 651, 1903, 11 60 

‘ Mandei A R , and Lusk, G , Am J Physiol , 1908, wi, 129 

1 Bloor, W R , / Biol Chem , 1914, xix, 1 
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Ammonia excretion is vanable under changmg conditions of 
diet, and although it appears that this base may function as a 
neutrahzmg agent at tunes, further experiments are necessaiy 
before the laws of ammoma excretion m the rahbit can be 
formulated 

Calcium elimination is too vanable to justify inferences be- 
mg drawn under the experimental conditions 

The results obtamed mdicate that the creatmuna observed 
upon a gram diet cannot be explamed upon the hypothesis of 
food msufficiency 



The Relationship of Blood Sugar to Blood Fat tn SUm alion. and tn Hydrazine Poisoning 
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Blood Fat and Blood Sugibr 


hydrazine to dogs causes low blood sugar content, loss of glyco- 
gen from both the hver and muscles, and mduces a "fatty^’ 
hver The “fattjr” hver presupposes fat infiltration with a 
consequent transport through the blood stream Is the "fatty^’ 
hver produced by the storage of fat from the blood, the amount 
of fat m the latter remainmg unchanged, or is there an actual 
mcrease of the fat of the blood durmg hydrazme mtoxication? 
If blood fat IB augmented under these circumstances does it 
bear any relation to blood sugar content? These are questions 
which seem of fundamental importance m a consideration of the 
mechanism of blood fat regiJation They form the subject 
of the present mvestigation 

Methods 

Dogs under the mfluence of hydrazme refuse food or fad to 
retam it Hence a fastmg condition is mevitable m hydrazine 
experimentation Results obtamed by the action of this poison 
should therefore be mterpreted with respect to the effects pro- 
duced by fastmg alone Accordmgly dogs were fasted for 
periods of 6 da 3 m, determmations of the blood fat and blood 
sugar bemg made daily upon samples obtamed from a marginal 
ear vem Blood fat was estimated by the method of BlooH 
with a Richards nephelometer Blood sugar content was de- 
termmed m part by the procedure of Forschbach and Severm 
and m part by that of Benedict and Lewis Subsequent to the 
fastmg period the nnimalR were well fed with mixed diets 
for vaiymg mtervals and were then given subcutaneous mjec- 
tions of hydrazme sulfate m the dosage of 60 mg per lolo 
body weight Blood fat and blood sugar content were then 
determmed as m the fastmg period except that the estima- 
tions were earned through at 12 hour mtervals 

The results obtamed with five dogs are presented m the table 
Durmg the fastmg penod there is a general tendency for 
blood fat content to diminish m the first days of manition This 
decrease is followed by an augmentation of the blood fat some- 
what beyond the mitial value The outcome of these expen- 
ments is somewhat different from that of Bloor who found either 

‘Bloor, / Btol Chem , 1916, urn, 317 



THE NUTRITIVE VALUE OF YEAST, POLISHED RICE, 
AND WHITE BREAD, AS DETERMINED 
BY EXPERIMENTS ON MAN 

Bt CASIMTR funk, W G LYLE, and DONALD McCASKEY 
In Coopebation with Joseph Caspb and Joseph Pokdop 

(from the Hamman Research Laboratory and the Huntington Fund, Memo- 
nal Hospital and Loomis Laboratory, New York ) 

(Received for publication, August 3, 1916 ) 

Heretofore the vitaimnes in foods have been disregarded in all 
nutation expemnents on man 

The experiments performed on four normal men, as descnbed 
m this paper, were undertaken with the view to determmmg pn- 
marily the food value of a vitamme-free diet as compared with 
one containmg vitarmnes It was found, however, that to insure 
reliable results the expenment should be earned over a much 
longer penod of time than we were able to devote to it, but as 
metabolism experiments on man fed on a diet of such simple com- 
position, and under such exact conditions, are so unusual this 
contabution may be of value A survey of the work of the past 
20 years was covered durmg this expenment, and we find, where 
the problem of a protem minimum is considered, that there are 
two distmct theones 

Abderhalden (1) and his school claim that, as the composition 
of the body, and especially of the blood protems, is so different 
from food protems, the best protem minimum can be obtamed 
by feedmg proteins of the same species 

Hmdhede (2), on the contrary, was able to showthat when usmg 
potatoes as practically the only food, 1 gm of the absorbed po- 
tato nitrogen is equivalent to 1 gm of body mtrogen The ex- 
periments of the latter author are earned over such a long jienod 
that they can be regarded as entirely conclusive One cause of 
discrepancy of opmions on this question is that the importance 
of vitammes m metabolism has been overlooked m most of the 
more recent experiments It was pomted out some time ago by 
one of us (31 that when vitammes are absent m the food mixture, 
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Blood Fat and Blood Sugar 


an increase of blood fat at first followed by a debrease, or else 
there was no increase * Our animals were taken at random 
but were all m a well fed condition The agreement m blood 
fat of the different nnimals is fairly close and tends to confirm 
Bloor’s statement that blood fat is qiute constant for the species 
There seems to be httle or no relation between blood fat and 
blood sugar content durmg the period of starvation studied 

In the hydraeme period hlood fat shows an increase to a maxi- 
mum which IS coincident with the condition of hypoglycemia in- 
duced by hydrazine As blood sugar content regains the normal, 
blood fat assumes a value approximatmg that of the fastmg 
penod 

Whether blood sugar content regulates the blood fat or whether 
both sugar and fat m the blood are controlled by some other 
mechanism must be determmed by future mvestigation 

SUMMAHT 

In the first days of fastmg there is a tendency for the blood 
fat of dogs to be decreased This period is followed by one in 
which there is an mcrease of fat content to approximately the 
mitial value 

There seems to be httle or no relation between blood fat and 
blood sugar content durmg the mterval of mamtion studied 

In hydrazine poisoning blood fat is markedly increased, the maxi- 
mum being coincident with the condition of hypoglycemia charac- 
teristic of hydrazme Blood fat returns to the fastmg value 
as the sugar of the blood regains the normal 
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nitrogen equilibnum was established for a short period with 
ghadm but, notwithstanding, the dog steadily lost weight We 
do not wish to minimize the importance of aromatic ammo-acids, 
cystme, trytophane, and lysme, but we wish to pomt out that 
many of the experiments on the necessity of certam ammo-acids 
should be repeated by takmg the vitamme factor mto account 
In studies on protem miniTrinTn this latter condition should 
also receive consideration In a recent paper of Abderhalden, 
Fodor, and Il6se (12) we find a comparative study of the food 
value of potatoes as compared with whole bread and white bread 
The protem mimmuTn was lowest m the case of potatoes (4 5 gm 
mtrogen), higher with whole meal bread (7 0 gm nitrogen), and 
still higher with white bread (9 -f- gm nitrogen), a possible rea- 
son bemg that the white bread was deficient m vitammes ‘ 

BXPEBIMENTAL 

Four of the members of the laboratory staff volunteered their 
services m the feedmg experiments with yeast, white rice, and 
bread, and contmued their duties durmg the whole experimental 
period Our diet before the experiment was of normal variety 
and quantity, m contrast to former mvestigations, m which 
the subjects even before the experiment were accustomed to eat 
food without change or vanety The attempt was made to hve 
on yeast’ as the only source of mtrogen Durmg the preliminary 
period the amount of mtrogen m the excreta was studied under 
normal dietary conditions The necessary amount of calories 
was then supphed m the form of fnut and vegetables These 
were chosen to contam the miTumum amount of mtrogen and a 
stDl smaller amount of protem mtrogen 
Although yeast has been extensively used for feedmg cattle for 
a number of years, its use for human consumption has been sug- 
gested only recently m Germany, owmg to the scarcity of meat. 
As a meat substitute it was strongly recommended by Schottehus 
(13), who has used it m quantities of 50 to 75 gm daily m addi- 
tion to the ordmary diet, and he claims that it is well utilized m 

‘ Averages m feces were On potatoes 0 4 to 0 7 gm mtrogen, m whole 
meal bread 1 6 to 1 9, and m the case of white bread 1 6 gm. mtrogen 
The lower value of white bread is therefore not due to faulty assimilation 
• Yeast used by us was a dried anaerobic jreast preparation Which was 
put at our disposal by the American Pure Yeast Company of New York 
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all animal organisms supplied with a complete food, especially 
as regards all the necessary ammo-acids, will m spite of this come 
mto a negative balance if the experiment is conducted sufficiently 
long Hardly any workers m the field of metabolism have real- 
ized the importance of this vitamme factor, and some of the 
conclusions as to the adequacy of protems or protem mixtures 
may be erroneously attributed to the mcompleteness of the pro- 
tem In numerous metabolism experiments on dogs Abderhal- 
den (1) and his school have disregarded the vitamme factor en- 
tirely They often compare a food contammg artificially digested 
meat and vitammes with a food mixture deficient m these latter 
mgredients Hmdhede (4), on the contrary, takes this vitamine 
factor mto account and gives a potato diet on which no deficiency 
diseases occur (6) Studymg the earher hterature on protein 
minimum we find that the work of Munk (6) and of Rosenheim 
(7) gives a tjqiical illustration of the pomt we wish to emphasize 
Dogs which they used m their experiments were given both nee 
and meat powder, but they overlooked the fact that the greater 
part of the vitammes was lost by drymg and heatmg The 
authors gradually decreased the meat m the diet and replaced it 
by more carbohydrates m the forin of nee As the result of this 
procedure the dogs showed a negative mtrogen balance and 
some of them died of the effects desenbed by Schaumann (8) 
when he fed them on extracted meat the others recovered when 
fresh meat was added 

We know now through the work of one of us (9) and of Brad- 
don and Cooper (10) that the amount of carbohydrates m the 
diet cannot be mcreased mdiscnmmately, as a certam amount 
of vitamme can take care of only a hmited amount of carbohy- 
drates In other words, there must be a fixed ratio between the 
vitamme content and the carbohydrate If this ratio is de- 
stroyed, disordered nutntion of the tissue cell occurs The con- 
clusions of Munk and Rosenheim that dogs require a large supply 
of protem are erroneous, as some years ago Funk performed 
metabolism expenments m which dogs were readily brought mto 
mtrogen equihbnum with meat powder or milk powder, while 
difficulties were encountered when they were fed on edestm 
or ghadm In one of the expenments of Abderhalden and Funk 
(11), where comparative studies were made as to the value of 
edestm and ghadm, a great number of the dogs died In one case a 
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bve balance wag obtained for several days The e>:penments 
were performed m the beginning of Jime, when cold weather 
prevailed and some difficulty was experienced m mamtammg 
bodily heat In spite of the small food supply there was no crav- 
mg for food The bowels moved with regularity and no diarrhea 
occurred The bad utilization of yeast may be partially due to 
the fact that the yeast had a disagreeable taste and was un- 
pleasant to eat for any length of tune 

Durmg the second period the diet consisted of white nee, white 
bread, and butter We had very much less mtrogen m this form 
than Kumagawa (19), who weighed 49 kg , and took 600 gm. 
nee, 100 gm Miso (a fermented mixture of rice and beans), 10 co 
soja, 600 cc beer, 28 gm sugar, 300 gm of tumip-cabbage, and 
600 cc tea, averagmg 8 75 gm mtrogen per day Our vitamme- 
and purme-free diet was supplemented m the later penod by vita- 
nune from 50 cc of autolyzed yeast, prepared accordmg to the 
method of SeideU (20), usmg Lloyd’s reagent, a colloidal alumi- 
num sihcate preparation of unknown composition 

In one case which was kept as a control, the vitamme was 
omitted We were imable to find that upon its addition the bal- 
ance became more positive The reason for this may be asenbed 
to the shortness of the experiment, or to the fact that the vita- 
mme preparation, made m the above mentioned way, was not 
sufficiently active 

An added mterest m our metabolism experiments was the 
chemical exammation of blood The negative balance found is 
partially due to this, and although the mtrogen lost m this way 
was detemuned, it was not mcluded m the balance, as the blood 
nitrogen is partially composed of food mtrogen already assimi- 
lated, and partially of mtrogen which would be subsequently 
ehmmated through the kidney or through the mtestmal tract 
The loss, however, is added in the blood analyses On the days of 
the chemical blood examinations, a partition of the different m- 
trogenous constituents of the urme was also determmed This 
had been done once before m a metabolism experiment by Fohn 
(21), but m his case the mtrogen mtake was held to normal 
lumts (about 16 gm ) In a few instances on the vitamme-free 
diet the sugar m the urme was determmed by Bertrand’s method. 
Although the blood sugar was not more than usual, the urmaiy 
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the human body Before undertakmg our experiments we tried 
the avadabihty of yeast m rats, substitutmg it for casern mtrogen 
The animals, records of which will be published later, show that 
young rats can Iwe on yeast as the sole nitrogen source for quite a 
long while, although it has not yet been 'proven whether they can sub- 
sist on it indefinitely The experiment showed that yeast con- 
tains a protem apparently complete as to its composition m ammo- 
acids, corroboratmg Neuberg’s work (14) on the proteins of yeast 
But there was some difficulty m determmmg how much of the 
yeast mtrogen is represented by protem mtrogen Neuberg, by 
a comphcated method, ascertamed that yeast protem somewhat 
resembles casern, and amounted m Schroeder’s yeast to 48 3 per 
cent of the total mtrogen, whereas the bottom fermentation yeast 
K, from the Institute for Brewmg m Berhn, was found to contam 
only 46 3 per cent Bokorny (15) states that yeast m a dried 
state contains 60 per cent protem We also attempted to deter- 
mme the protem content of our yeast and found that the usual 
method of determination, as used by Stutzer, failed completely 
This method showed that about 90 per cent of the yeast mtrogen 
was protem mtrogen Fmally, we tried to estimate the yeast 
mtrogen indirectly by determmmg the purme base mtrogen, and 
for this determmation followed the method of Burian and Schur 
(16), hydrolyzmg the yeast with dilute sulfuric acid and precip- 
itatmg the purine bases m an alkahne solution, with sodium bi- 
sulfite and copper sulfate, then estimatmg the mtrogen m the 
copper precipitate In this way we recovered 13 per cent of 
the yeast mtrogen as purme bases, which undoubtedly was too 
low a figure 

The hterature records only a few actual metabolism experi- 
ments with yeast, one of Praussnltz and Memcanti (17), and an- 
other of Thomas (18), who, while experimentmg with other food- 
stuffs, prepared a pressed yeast with butter, and used it for 3 
days The mtrogen balance m this case was negative with over 
4 gm of mtrogen m the form of yeast The yeast was well ab- 
sorbed as shown by the feces mtrogen, which was rather low 

The utihzation of yeast was insufficient m our exp>eriment 
where yeast was taken for nearly a fortmght, as the mtrogen 
content of feces was high, and m some mstances undigested yeast 
was detected With two out of four persons a practically posi- 
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Dnte 

1 
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4 

s 
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7 
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9 

H 

11 
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Bread 

Tea biscuit 

201 

183 
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Butter 


60 

62 

87 

62 
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115 

98 

114 




Rice 




200 
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Water, cc 


1,776 
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Metabolism Experiment Case I 


Date. 

N ! 
intake 

1 N 
ontpQt. 

N in ' 
onne. 

N in 
feces. 

Urme. 

Feces. 

Wdffbt. 

Bal- 
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me 
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10 10 

1 28 
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33 6 

79 4 
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9 05 
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46 0 
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Yeast period 
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3 

60 

8 

M 
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36 

820 

28 

0 

78 

0 

-4 

48 
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71 

11 

58 
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sugar was much higher than m normally fed cases, as determined 
by the same method by l\mk ( 22 ) This may be due to ali- 
mentary glycosuria foUowmg a high carbohydrate diet, or may 
be analogous to the findmgs of one of us with Sohonborn (23) m 
pigeons, where a oonsiderable mcrease m blood sugar was found 
on a nee diet We shall soon begm to mvestigate this problem 
m diabetics on vitamine-free and vitamine-containmg diets 
The mtrogen content of foodstuffs consumed by us was detei^ 
mmed actually m all instances The feces at the begmnmg of 
the feeding experiment were marked by feedmg charcoal In 
the second period this was not necessary, as the color changed 
from brown to hght yellow On resummg a normal diet diarrhea 
developed m three out of the four cases 

TABin L 

Nitrogen Contained in the Foodstuffs Consumed During the Expenmeni 



cent 

per cent 

Dried yeast 

9 53 Banana 

0 31 

Onion yellow 

0 31 Sweet chocolate 

0 071 

Sauerkraut 

0 277 Tea biscuit 

1 41 

Butter 

0 056 Bread (baker’s) 

1 27 

Apple 

0 096 Tea, 3 gm to 800 oc 

0 008 

Tomato soup 

0 68 Tomato 

0 71 

Rice 

1 21 Orange 

0 282 

Yeast vitamino, 

60 CO auto- 


lyzed 

0 078 



Case I — normal vigorous man, 38 years old, weighing 78 kg a the 
beginning of the experiment 

Diet (,0m ) 
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Cate II — normal man, 22 3fearB old, weighing 6S 4 kg at the begmmng of 


the experiment 


Ihel (Gm ) 


Yeast period 


Dityi 

1 

3 ' 

3 1 

4 

5 

e 

7 

8 

0 ' 

10 

11 

M 


Yeast 

25 

25 

35 


60 

60 

56 

55 

1 

65 

65 

55 

65 

65 

Apple 


434I 

211 

173 6 

221 1 

368 




207 


98 

73 

Banana 

n 

165 


118 



91 6 

87 6 




117 


Chocolate 


21 

84 

62 6 


04 5 


126 

84 

73 6 

115 5 

63 


Tea, cc 

300 

Biai 

460 

460 


600 


300 






Butter 



60 



10 








Omon 



102 




127 







Orange 







152 




96 

79 

142 

Sauerkraut 








160 

100 

100 

100 

1 


Tomato soup 


64 



40 

100 


62 

62 

69 

62 

62 


Sugar 

Bread 

40 

1 

24 

1 

32 

32 

24 

32 

32 

24 


4 


t 

i 

76 


Rice and bread period. 


Bread 

228 

228 


WMJzm 

228 

228 

228 

228 

Butter 

100 

ITilil 

100 

100 

100 

100 

100 

100 

Rice 

176 

175 

176 

175 

176 

176 

175 

175 

Water, cc 
Yeast, vita- 




700 

700 

700 

700 

700 

mme, as col- 
loidal silica 
preparation 





4 8 

4 8 

4 1 

3 0 
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VnrU Analysis, Case I 


Data ^ 

Ammonia. 

TTVea. 

Croatlnina 

Urio add. 

Volmne 

Sorar 

June 

fftn 

gm I 

ffm 

gm 

cc. 


9 

0 610 

10 6 

1 04 

0 895 

1,120 


12 

0 604 


1 67 

0 90 

1,360 


14 

0 304 

9 96 

0 826 

0 63 

600 


16 

0 790 

16 4 

0 890 

1 32 

1,760 


20 





1,450 

2 10 

21 

0 623 

7 66 

1 47 

0 469 

1,100 

1 62 

23 





460 

1 62 

24 





660 

1 78 

26 

0 024 

10 3 

1 28 

0 388 

400 



Blood Analysis, Case I 


Data 

Total 

N 

Non 

pro* 

tein 

Drea 

N 

Cro- 

oti-* 

nine 

Uric 

aad 

Rngftr 

COi 

Vol- 

ume 

Remark*. 

June 

gm 

mg 

mg 

mg 

mg 



ec. 


9 


25 4 



4 0 

0 108 

46 

65 



12 


29 4 

28 6 


2 0 

0 106 

47 

65 


Yeast diet 

14 

5 04 

32 7 

34 6 

0 72 

4 2 


46 

65 


16 

3 22 

25 1 

27 7 

0 86 

6 0 

0 092 

45 

64, 



21 

2 87 

25 8 


1 3 

2 8 

0 090 

41 

48 


Rice diet 

26 

2 67 

28 6 

32 8 

2 2 

3 6 

0 091 

49 

41J 

r 

Total lose of mtro- 










gen by bleeding 

10 78 










July 











7 

2 84 

37 8 

29 4 

0 6 

1 3 

0 0744 




Normal diet 


In considering the results of the metabohsm exjjemnent m 
Case I we find that yeast was fairly well utihzed m the middle of 
the first period, but later was found, to some extent, undigested 
in the feces However, m the period in which white rice and 
bread were given as a control for a vitamme-free diet, the 
man under experiment went more and more mto mtrogen 
balance without the addition of vitamme This might be due to 
the fact that less water was consumed m the latter part of the 
experiment A high uric acid content occurred m the blood m 
the yeast period, and a fairly high sugar content m the lume on 
the vitamme-free diet 
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Case 11 — A. normal man, 22 years old, weighing 63 4 kg at the beginnmg of 
the experiment 

Diet (Om ) 
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Vitamines in Human Nutntion 


Metabolism Experiment, Case II 


Date. 

N 

intake 

N 

output 

Nin 

urino 

Nin 

feoes. 

Urine 

Feoes 

Weight 

Bnlanc*. 

Kemarki. 

Normal diet 

June 

3 

4 

6 

ffm 

ffm 

16 29 
16 27 
14 19 

ffm 

15 96 

16 94 
13 86 

em 

0 33 

0 33 

0 33 

ec 

1,126] 

l,2b0 

l,140j 

ffm 

17 9 

te 

69 1 
69 1 
68 9 

j 



Yeast period 



Rice and bread period 


19 

M 

7 68 


0 88 



65 0 

-2 61 

20 


6 91 


0 88 



65 0 

-1 84 

21 

6 07 

6 69 

6 81 

0 88 

625 


64 6 

-1 62 

22 

6 07 

7 68 


0 88 



65 3 

-2 61 


Vitamine addition 


23 

5 16 

6 66 

6 69 

0 87 




64 6 

-1 41 

24 

6 16 

6 49 

6 62 

0 87 

680 


61 4 

64 6 

-1 34 

25 

5 15 

7 46 

6 69 

0 87 



65 2 

-2 31 

26 

5 15 

6 18 

6 31 





65 0 
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Unne Analytis, Case TI 


Diite. 

jA.TnTrT^*miA. 

TTrea. 

Cmtinbia. 

Uric add 

Volome 

1 Sux&r 

June 


ffVt 1 

ffm 1 


cc. 

fftn. 

g 

0 354 

10 10 

1 50 

0 604 

720 


12 

0 34S 

9 85 

1 60 

0 930 

1,210 


14 

0 402 

12 10 

I OS 

0 410 

545 


16 

0 390 

6 32 

0 725 

0 569 

575 


21 

0 370 

7 64 

0 894 

0 620 

525 

1 89 

24 





680 

1 56 

25 





750 

1 78 

26 

0 417 

7 70 

1 13 

0 475 

490 



Blood Analysis, Case 11 


Date 

Total 

N 

Kon- 

pro- 

taa 

Urea 

N 

Gre- 

at} 

DiDe. 

Uric 

add. 

ST4:ar 

CO. 

ToV 

uma. 

EamarlcB. 

June 


mo 

mo 

mjr 

mo 

om 


ee. 


9 

3 26 


26 3 


3 5 



15 



12 

2 78 

29 S 

26 3 

0 24| 

4 0 

0 111 

45 

83 


Yeast diet 

14 

5 66 


22 1 

0 86 

BElil 

0 100 

46 

50 


16 

3 20 


niii 


4 8 

0 099 

46 

56. 



21 

2 65 

26 6 



2 0 

0 100 

41 

71 1 


Rice diet 

26 

2 72 


29 4 


1 5 

0 097 

43 

32, 


Total loss of m- 











trogen by bleed- 
ing 

10 17 










July 











7 

2 46 

ii 

24 6 


1 7 

0 UO 

48 



Normal diet 


In Case IT the noticeable factors are the fairly good nitrogen 
balance obtained, and the high figures for uric amd in blood with 
yeast Vitamine gave no definite results m the rice period. 
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Case III — A normal man, 20 years old, weighing 63 7 kg at the begm- 
mng of the experiment 

Diet {Om ) 


Yeast period 


Days 


3 

3 

4 

s 

fi 

7 

8 

9 

10 

11 

Yeast 

36 

36 

46 

60 

50 

65 

65 

65 

65 

■ 

60 

Apple 

243 

138 

111 

mm 

86 

326 

79 

404 

Kin 

121 


Banana 

83 

128 

138 

193 

00 



81 


77 

78 

Chocolate 

31 6 

63 

126 

126 

273 

168 

318 

147 


231 

130 5 

Tea, CO 

mm 

■!n:i 

RE 





900 


KCi 

900 

Butter 

173 

162 

09 


10 







Omon 



Ril 

76 








Orange 






162 






Tomato soup 






BKij 

46 





Tomato 










69 

63 

Bread 

60 

60 



60 







Sugar 

28 

14 

49 

49 

28 

80 


62 

49 

42 

63 

Rice and bread period 

Bread 



H 







H 


Tea biscmt 


185 










Butter 

mB!i1 

WTil 

105 

129 


■rn 


120 

120 

iKil 


Sugar 





25 


25 

2 

26 

2.3 


Water, cc 

1,163 

IKES 


1,193 

[EEj 

1,211 

954 

1,011 


612 


Vitamme 






3 75 

4 81 

4 8 

4 16 

■ 



nice 165 gm throughout each day of the whole period 
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ilelabolism Experiment, Case III 


Date 

N 

intakr 

N 

output. 

Nin 

urine. 

N in 
fcoes 

Urine. 

Fece*. 

Weight. 

Balance. 

Remarks. 

Normal diet 


ffn 

15 38 
13 95 
13 83 

14 43 
13 0 
13 37 

ffrn 

1 90 

1 90 

0 46 

cc. 

l.OOOl 

1 , 020 / 

1,620 

pm. 

29 6 

*5 

65 0 
65 0 
65 0 




Yeast penod 


6 

3 

63 

H 

96 


49 

0 

47 

700 

12 

8 

65 

7 

-7 

33 


7 

4 

64 

11 

46 


47 

0 

99 

600 

19 

1 

65 

4 

-6 

82 


8 

4 

62 

10 

18 

9 

27 

0 

91 

1,140 

17 

3 

64 

8 

-5 

56 


9 

6 

21 

9 

97 

8 

15 

1 

82 


30 

9 

64 

4 

-3 

76 

Blood 
















taken 

10 

6 

02 

11 

88 

8 

38 

3 

Ril 

670 

34 

0 

63 

8 

-6 

86 


11 

7 

00 

9 

20 

7 

32 

1 

88 

1,040’! 

62 

49 

64 

1 

-2 

20 


12 

6 

63 


22 

8 

33 

1 

89 

1 , 525 / 

63 

6 

-3 

59 

Blood 

















taken 

13 

6 

62 

7 

63 

6 

04 

1 

49 

600"! 

45 


63 

7 

-0 

91 


14 

6 

07 

8 

72 

7 

23 

1 

49 

620/ 


63 

2 

-2 

65 


16 

6 

72 

m 

45 

7 

66 

2 

89 

780 

50 

2 

63 

9 

-3 

73 


16 

7 

00 

13 

54 

7 

48 

6 

06 

650 

101 

8 

63 

1 

-6 

64 

Blood 

















taken 


Rice and bread period 


17 

4 47 


7 18 

0 88 

550] 



63 9 

-3 69 


18 

4 54 

8 79 

7 91 

0 88 

780 


44 9 

63 7 

-4 25 


19 

4 47 


7 42 

0 88 

780, 



63 2 

-3 83 


20 

4 48 

7 82 

7 56 

0 26 

720 


63 0 

-3 34 


21 

4 60 

7 28 

mrmm 

0 26 

500 


62 9 

-2 68 

Blood 










taken 


Vitamine addition 


22 

4 56 

5 39 

6 13 

0 26 

580] 


26 2 

63 2 

IK 

23 

4 56 


5 80 

0 26 

520 


inclu- 

62 8 

Bis 

24 

4 56 

7 01 

6 75 

0 26 

510 


ding 

63 1 

-2 45 

25 

4 56 

7 94 

7 68 

0 26 

1,020 


June 

63 2 

-3 88 

26 

4 66 

6 87 

6 61 

0 26 

1,040 J 


20 and 
21 

63 0 

-2 31 
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Vrxnt Analysts, Case III 


Dote. 

Anmonlft 

Urea. 



Yolome. 

8ucar 

June 

QVX 

fftru 

ffm 

gm. 

ce. 

inn. 

9 

0 600 

11 6 

1 6 

0 876 

1,000 


12 

0 412 

22 7 

1 64 

1 18 

1,625 


16 

0 396 

10 6 

0 908 

0 487 

650 


21 

0 452 

7 45 

0 816 

0 405 

500 

0 41 

26 

0 420 

10 1 

1 65 

0 641 

1,040 



Blood Analysts, Case III 


Data. 

Total N 

5! 

1 

a 

& 

!S 

1 

1 

•g 

o 

•c 

P 

1 

CO 


a 

D 

Bemarka 

June 


mg 

mg 

mg 

mg 

gm 


ce. 


9 

Elia 

31 2 

26 6 


1 8 


49 

65 


12 

3 18 

28 8 

26 7 


1 9 


49 

64 

Yeast diet 

16 

Elisi 

31 8 

27 2 

ss 

4 9 


47 

Lost , 


21 

2 66 



IKS 



46 

6l1 

Rice diet 

26 

2 87 


27 2 

2 1 

3 0 


46 

66/ 


Total loss m m- 










trogen by bleed- 










mg 

8 4 









July 










7 

2 68 

33 0 

39 6 


2 8 


46 


Normal diet 
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Cate TV — A normal man, 32 years old, weigluiig 63 5 kg 
of the experiment 


Diet (Gtn ) 


at the beginnin 


Yeast period. 


Btym. 

n 

2 

3 

4 

5 

D 

B 

8 

0 

10 

11 

Yeast 

20 

20 

40 

60 

60 

55 

65 

55 

55 

60 

1 

Apple 

275 

350 

328 

187 

162 

323 

390 



95 


Banana 

202 

205 

132 

121 

173 

74 

73 

93 




Chocolate 

84 

167 6 

84 

147 

168 

147 

92 

107 

126 

168 

14 

Tea, cc 

300 

300 

900 


■JKU] 

1,350 

1,200 

1,800 


liRil 

■ItH 

Butter 



30 

41 



25 





Onion 



10 

25 



14 





Orange 






100 

95 




5 

Sauerkraut 








124 



20 

Sugar 

14 

11 

28 

60 

70 

66 

58 

72 

66 

66 

6 

Water, cc 











IS 


Rice and bread period. 


Bread. 

Tea bis- 






200 


200 


m 

curt 


185 









Butter 

100 

100 

100 

Buj] 

■iQ 

115 


110 



Water, cc 
Vitamme 


1,165 

639 

680 

891 

1,066 

821 

916 


m 

as Lloyd's 
reagent 






3 75 

48 

4 8 

4 1 



Rice 165 gm throughout the period 
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Metabolism Ezpenment, Case IV 


Date 

N 

intaka 

N 

output. 1 

NLi 

uriue. 

NIn 

fec«9 

Urine 

Feces, 

Woiaht. 

Balance 

Ramarks. 

Normal diet 


ffm 

ffm ■ 

ffm 

ffm 

cc 

ffm 






13 07 

11 26 

1 81 

915 

31 05 

64 1 



mm 


12 75 

11 2 

1 55 

760 

25 3 

64 1 



■ 


13 81 

11 0 

2 81 

745 

45 25 

64 1 




Yeast period 


6 

2 91 

11 02 

9 86 

1 17 

1,440 

18 8 

63 6 

-8 11 


7 

3 03 


6 4 

1 63 

700 

24 4 

62 7 



8 

4 70 


8 23 

2 44 

840 

36 1 

62 3 

-6 93 


g 

5 62 

9 54 

7 88 

1 66 

870 

28 5 

61 8 

-3 94 

Blood 










taken 

10 

5 97 

12 88 

8 22 

4 61 

1,180 

72 65 

61 9 

-6 88 


11 

6 28 


8 23 

2 13 

1,160 

62 76 

61 6 



12 

6 31 

8 99 

6 85 

2 14 

826 


61 2 

-2 68 

Blood 










taken 

13 

6 00 

8 93 

7 21 

1 72 

740' 

50 9 

61 3 

-2 93 


14 

6 41 

9 65 

7 83 

1 72 

660 


61 3 

-3 13 

Blood 










taken 

15 

6 48 


8 76 


770 

68 85 

61 3 

-4 26 


16 

5 75 

9 65 

7 67 


630 


61 0 

-3 80 

Blood 










taken 

Rice and bread period 

17 

4 47 

6 90 


0 81 

420 


61 2 

-2 43 


18 

4 54 


6 27 

0 81 

480 


61 8 

-2 64 


10 

4 47 

6 44 

6 63 

0 81 

440 

56 0 

61 6 

-1 97 


20 

4 47 

6 18 

6 37 

0 81 

630 


61 3 

-1 71 


21 

4 48 

6 74 

4 93 

0 81 

460. 


60 9 

-1 26 

Blood 










taken 

Vitamine addition 

22 

4 56 



0 72 

Bil 


61 1 

-1 24 


23 

4 56 

6 68 

4 86 

0 72 

■91 


61 1 



24 

4 56 

6 23 

6 61 

0 72 


64 0 

61 2 

-1 67 


25 


6 34 

6 62 

0 72 

■£91 


61 1 

-1 78 


26 

4 56 


6 91 

0 72 

4S0j 


60 7 


Blood 








1 

taken 
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Unne Analysts, Cass TV 


Date. 

Ammonia, 

TJrea. 

Oeatmice. 

TTrioacid 

Voloma. 

Sofar 

June 

pn 

cm 

cm 

PTTV. 

ee 

cm 

e 

0 354 

12 2 

1 20 

0 9D 

870 


12 

0 335 

10 6 

1 25 

0 75 

825 


14 

0 370 

12 8 

1 29 

0 633 

660 


16 

0 432 

11 6 

0 645 

0 497 

630 


21 

0 410 

7 14 

1 29 

0 409 

460 

0 27 

24 



! 


405 

0 54 

26 

1 

0 462 

9 2 

1 

1 20 

0 465 

480 



Blood Analysis, Cass TV 


Date 

Total N 

2 

1 

a 

h 

55 

i 

u 

1 

•g 

o 

s 

m 

g 

Volomo. 

Remaria, 

June 

em 

mg 

mg 

mg 

mg 

gm 


cc. 


9 




1 1 

00 

0 119 

89 

60] 


12 



31 2 





9 1 


14 

3 16 

27 2 

KWil 

liMiW 

5 9 


47 



16 

3 18 

RtiK 

348 

1 1 

5 6 


49 

m 


21 

2 92 

32 2 

Wilil 

2 2 



43 

68 \ 


26 

2 59 

30 6 

33 6 

1 1 

2 9 


46 

67 J 


Total nitrogen 










lost by bleeding 










July 










7 

2 79 

32 3 

ii 

1 3 

1 9 


48 


Normal diet 


Besides the blood analysis the blood pressure was taken June 
13, and found to be as follows Case I, 125 mm , Case n, 130 
mm , Case m, 115 mm., and Case IV, 120 mm 
Besides the blood pressure the hemoglobm content and also a 
differential leukocyte count were registered on June 16 on the 
yeast diet, which figures were found normal 


Oaae 

Hemoelo- 

bui. 

Polymor- 
' phooa- 
clean. 

Leoko - 
cyt«B 

Larca 

0OI1X>> 

Sa^Jeara. 

Trami- 

tiomila. 

Eoaioo- 

phSa. 

Ba»o- 

philt 

I 

88 

42 

60 

mm 


6 

1 

n 

89 

69 

29 



0 

0 

m 

80 

65 

32 

0 




IV 

82 ' 

66 

33 

0 1 

0 

■1 

0 
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Vitammes m Human Nutntion 


As a result of our nutrition experiments with yeast it is shown 
that the value of yeast as a protem source is not very great 
Thomas (18), by comparmg the protem substitution value of dif- 
ferent foodstuffs, concluded that the biological value of yeast is 
70 62 per cent Prom our experiments this is certainly not the 
case, as a large quantity of unutihzed yeast passes m the feces 
and IS lost Yeast, on account of its high purme content, causes 
a distmct rise of uric acid m the blood, and for this reason cannot 
be used to the exclusion of all other food Our experiments with 
vitamme-free food, m the form of white rice and white bread, 
confirm the results of Abderhalden, Fodor, and Rose, who found 
that to obtam a positive mtrogen balance, more white bread is 
required than whole bread or potatoes In their experiments as 
well as m ours, this negative balance occurred m spite of the low 
mtrogen figures m the feces, and mdicated good resorption 
Whether this low value of vitamme-free food is due solely to the 
absence of vitammes, we were not able to prove as our experi- 
ments were of such comparatively short duration 

n^suAiA 

Yeast caimot very well be recommended as a sole protein 
source, as a large part of the yeast mtrogen apparently has no 
food value It is badly assimilated and occasions a rise of uric 
acid figures m the blood The amount of mtrogen which would 
be fully adequate m the form of potatoes was proved to be m- 
suflBcient ivith yeast This also apphes to our experiment with 
white bread and white rice We were imable m our experiment 
to get a positive mtrogen balance by the addition of vitamme 
In this field of nutrition researhh our studies have by no 
means enabled us to pronounce a verdict that yeast possesses 
no value m dietetics 

Problems of personal idiosyncrasy as to the taste of food?, 
methods of administration smtable for the particular mdividual, 
questions of ammo-acid synthesis after the yeast protem and 
purme bases have entered the organism, are all complex factors 
which must be taken mto consideration 
Just how far anaerobic yeast, when consumed m conjunction 
with other foods, can be made of any supplementary metabolism 
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value to a large community suffermg from dietetic deficiencies 
of one type or another, offers an mviting field for further research 
m the do main of practical experimentation 
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Vltammes m Human Nutrition 


As a result of our nutrition experiments with yeast it is shown 
that the value of yeast as a protem source is not very great 
Thomas (18), by comparmg the protem substitution value of dif- 
ferent foodstuffs, concluded that the biological value of yeast is 
70 52 per cent Prom our experiments this is certainly not the 
case, as a large qpiantity of unutihzed yeast passes m the feces 
and IS lost Yeast, on accoimt of its high purme content, causes 
a distmct rise of uric acid m the blood, and for tbiR reason cannot 
used to the exclusion of all other food Our experiments with 
vitmiime-free food, m the form of white rice and white bread, 
^ m the results of Abdorhalden, Podor, and Rose, who found 
at to obtain a positive mtrogen balance, more white bread is 
required than whole bread or potatoes In their experiments as 
■we as m ours, this negative balance occurred m spite of the low 
n^ogM figures m the feces, and mdicated good resorption 
et er this low value of vitaimne-free food is due solely to the 
a sence of vitammes, we were not able to prove as our experi- 
ments were of such comparatively short duration 

Rfismufi 

Yeast cannot very well be recommended as a sole protein 
soimce, as a large part of the yeast mtrogen apparently has no 
^ badly assimilated and occasions a rise of uric 
A ^ blood The amount of mtrogen which would 

^ adequate m the form of potatoes was proved to be in- 
B ci^t with yeast This also apphes to our experiment with 
w te read and white nee We were unable m our experiment 
to^t a positive mtrogen balance by the addition of vitamme 
In this field of nutrition research our studies have by no 
means enabled us to pronounce a verdict that yeast possesses 
no value m dietetics 

Problems of personal idiosyncrasy as to the taste of food?, 
methods of administration suitable for the particular mdividual, 
questions of ammo-acid synthesis after the yeast protem and 
purme bases have entered the organism, are all complex factors 
which must be taken mto consideration 
Just how far anaerobic yeast, when consumed m conjunction 
with other foods, can be made of any supplementary metabolism 



THE NUTRITIVE PROPERTIES OF CORN 
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It has long been a matter of common knowledge that an exclu- 
sive diet of maize is madeqiiate for growmg animals, but the pre- 
cise nature of the deficiency is not yet determined Thus one 
school of mvestigators has ascribed the nutntive deficiencies of 
com to its lack of certam morgamc constituents Forbes (1914) 
states 

"Our results show that, whatever the protein deficiencies of com, its 
mineral deficiencies are more pronounced, smce, m balance experiments, 
the deficiencies m calcium and other minerals are immediately made 
manifest by negative balances or deficient storage, while the protein de- 
ficiencies, whatever their nature, allow liberal nitrogen retention 

The extreme importance of the mmeral constituents cannot 
be denied, but some mvestigators have laid more stress on the 
protem deficiencies of corn than does Forbes For example, 
Osborne (1913) states 

“The results when presented leave no doubt that the deficiency ob- 
served in the practical feedmg of com meal is explained largely, if not 
wholly, by the umque chemical constitution of lein which forms such a 
large part of its protein ” 

Another suggestion frequently offered is that the growth acces- 
sory substances, the so called “vitammes,” are present m such 
small quantities that normal growth cannot occur unless they are 
supphed m some supplementary food As yet, however, there is 
no convmcmg evidence at hand to support this theory 

EXPERIMENTAL PROCEDURE 

Most of the data described m this prehmmary report were 
obtamed by usmg albmo rats as experimental animals This 
procedure has proved so successful at various institutions that 
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It has long been a matter of common knowledge that an exclu- 
BiVE diet of maize is inadequate for growmg animals, but the pre- 
cise nature of the deficiency is not yet determined Thus one 
school of mvestigators has ascribed the nutritive deficiencies of 
corn to its lack of tertam morgamc constituents Forbes (1914) 
states 

“Our results show that, whatever the protein deficiencies of com, its 
mineral deficiencies are more pronounced, smce, in balance experiments, 
the deficiencies m calcium and other minerals are immediately made 
manifest by negative balances or deficient storage, while the protein de- 
ficiencies, whatever their nature, allow liberal nitrogen retention 

The extreme importance of the nuneral constituents cannot 
be denied, but some mvestigators have laid more stress on the 
protem deficiencies of corn than does Forbes For example, 
Osborne (1913) states 

“The results when presented leave no doubt that the deficiency ob- 
served m the practical feeding of com meal is explained largely, if not 
whoUj, by the imique chemical constitution of zein which forms such a 
large part of its protem ” 

Another suggestion frequently offered is that the growth acces- 
sorj’- substances, the so called “vitammes,” are present m such 
small quantities that normal growth cannot occur unless they are 
supphed m some supplementary food As yet, however, there is 
no convmcmg evidence at hand to support this theory 

KXnEnrMENTAL PROCEnUHE 

Most of the data described m this prehmmary report were 
obtamed by usmg albmo rats as experimental animals This 
procedure has proied so successful at various institutions that 
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TABLE! 

Growth (Gm ) oS Rats on Rations of Low and High Mtnsral Content 
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Rate 33 and 34 wore mated Mar 1, and five young wore delivered Apr 4 All wore alive at birth, but with one exception they did not 
irvivo long The mother began oating the young almost immediately after dehvory, and so m some oases the young may not have 
et a natural death Although numerous htters havo been reared in this laboratory, this is the only oaso observed whore any of the 
lung havo been eaten 
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Nutntive Properties of Com 


further comment on this pomt is unnecessary Our choice, how- 
ever, IS explamed by the anticipated use of lysme, tryptophane, 
and isolated proteins The cost of these would be prohibitive 
if prepared m sufficient quantity for any of the ordmary domestic 
animals During feeding trials the animals were confined m 
cages of hardware cloth, foUowmg closely the procedure of Os- 
borne and Mendel (1911) Distilled water od libitum was given 
m all cases 


I Adequacy of the Inorganic Constituents 

This particular problem was only madental in the original 
plan, so our data on this point are relatively meager Some of 
the animals were given corn alone, others corn plus a salt mix- 
ture A third lot received corn plus an "ash-free” protein,' and 
a fourth, com plils “ash-free” protem plus a salt mixture The 
results are given m Table I 

The results at least have a positive trend If corn is the sole 
article of diet the animals dechne rapidly m weight and soon die 
The addition of a salt mixture,* however, permitted growth to 
occur m a surpnsmg degree When an “ash-free” protem is 
added to the com, m most cases death ensues promptly The 
dried blood is a strikmg exception At the end of 27 weeks the 
anima ls were apparently growmg slowly Possibly they would 

* Tho author prepared these materials originally for another research 
conducted jointly by the executive, chemistry, and animal husbandry 
departments of the college The methods of preparation are described 
later in this article 

* Two salt mixtures were used, apparently with equal success No 1 
was adapted hy Dean Willard, of this college, from a mixture published 
by Osborne and Mendel No 2 approximates a mixture published by 
McCollum 



No 1 

No a 


pm 

gm 

CaCOi 

92 


Ca lactate 

8 

468 0 

Ca,(PO,). 

10 


KjUPO, 

37 

280 8 

NaCl 

20 

123 1 

Na citrate 

16 

31 2 

Fo citrate 

2 

23 8 

MgSOi 


31 73 



TABLE I 

Orowth (Gm ) of Roll on Rations of Low and High Mineral Content 



Rats 33 and 34 wore mated Mar 1, and five young wore delivered Apr 4 All wore alive at birth, but with one exception they did not 
irvive long The mother began eating the young almost immediately after dehvory, and so m some oases the young may not have 
et a natural death Although numerous htters have been reared in this laboratory, this is the only ease observed whore any of the 
lung have been eaten 
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Nutntive Properties of Com 


have declined later, but our facihties would not allow us to con- 
tinue the tnal longer 

A somewhat similar experiment has been described by Weiser 
(1914) His object was to determme the effect of a calcium- 
poor diet on the composition of growmg bones One group of 
three pigs received maize and corn gluten, another group of three 
received the same ration plus about 0 75 per cent of calcium car- 
bonate Some time after the feedmg trial began dried blood was 
substituted for corn gluten Dunng the first part of the trial 
the weights of the lots only were given, as the mdividual records 
are not available Dunng the latter part of the trial the mdivid- 
ual weights are recorded A portion of the record is summarized 
m Table II 


TABLE n 

Growth (Kg ) of Swine on Rations of Low and High Calcium Content 



Lot withCa 

Lot without Ca. 

Jan 15 

17 7 


17 6 

June 15 

41 8 


36 8 


No 1 


No 6 

July 7 

19 6 


9 9 

Sept 24 

35 7 

Hi 

11 1 


Even the animals receivmg calcium grew slowly, but the m- 
creased growth due to its addition to the diet is qmte marked 
Data obtamed at this institution are not m complete agreement 
with Weiser’s findmgs Extensive feedmg tnals here have been 
conducted jomtly by the executive, animal husbandry, and chem- 
istry departments, usmg swme as experimental animals One 
lot received corn alone, and another com plus salt mixture No 
I The figures are very strikmg, and as they represent the 
experience of several years, there can be no doubt that they are 
entirely trustworthy On corn alone, the animals can barely 
mamtam hfe Some of them m fact do succumb, while a few 
others mamtam life m a precarious condition for some months, 
but gradually gam m weight, and also show a real mcrease m 
length and height After some months the animals grow more 
rapidly, they take on a more thrifty appearance, and m the 
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course of time reach a long deferred maturity A strikmg pomt 
m these researches is the failure to derive any benefit from the 
use of a salt mixture In contrast to this stands the real value 
derived from the addition to corn of a protem comparatively free 
from morgamc constituents Two substances were used for this 
purpose, the proteins of blood were used m one trial, and those 
of egg white m the other Both of these are comparatively free 
from calcium and phosphorus, but they were given special treat- 
ment to remove from them so far as practicable all morgamc con- 
stituents The blood, obtamed from Armour and Co , was de- 
fibrmated m their plant, chiUed, and shipped here As soon as 
possible after its receipt it was diluted to four or five times its 
volume, acidified with acetic acid, and heated to boihng with 
hve steam The coagulum was filtered off on a hnen cloth, re- 
turned to the vessel m which coagulation occurred, and washed 
With a large volume of boihng water This was agam filtered, 
and dried at 70-80°C The egg white used was a dried com- 
mercial product This was dissolved m warm water, and then 
given practically the same treatment as the blood The analyses 
are shown m Table HI All animals drank distiUed water dur- 
mg the feedmg trial 


TABLE HL 

Ash and Nitrogen Analyses of Feeds 



1 Total ub. 

Ca 

P 

N 

Com 

per cml 

1 67 

per coit 

0 015 

per CCTit 

0 288 


Blood proteins 

1 09 

0 0126 

0 0824 


Egg white 

0 67 

0 0110 

0 089 

■fm 

Starch 

1 02 , 

0 0132 

0 196 

0 056 


As far as growmg swme are concerned, therefore, com contams 
sufficient morgamc material for the protem already present It 
would seem m this case that the first hmitmg factor is the pro- 
tem It is very certam that com does not contam enough mm- 
eral matter for normal growth In support of this statement 
additional data are submitted Other lots of swme received 
corn and the “ash-free” protem and salt nuxture No 1 In this 
case growth was approximate^ normal 
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The final results of these feeding trials are given m Table IV 
Ihe upper part of the table gives the composition of the feeds m 
percentages Crude fiber is not mcluded here, as the amounts 
were small, and its value as a source of energy is uncertain The 
sum of the protem, ether extract, mtrogen-free extract, and ash 
IS taken as 100 per cent The lower portion of the table gives 
the weights of the animals These weights are the average of 
the lots Each lot contamed three pigs, except Lots 38 and 39, 
which contamed two pigs each 

TABLE IV 


Growth of Swine on Rations of Low and High Mineral Content 


Lot No 

30 

31 

33 

33 

38 

39 

Kation 

CoriL 

Cora + 
salt mix- 
tura. 

Corn 4* 
aah>freo 
blo^ 
protein 

Corn -f 
osh^roe 
blo>i + 
salt in IT- 
tore 

Com + 
asb free 
figs white 

Com + 
ash-free 
ffg white 
f salt 
mature. 


per ceni 

percent 

percent 

perce/it 

per cent 

percent 

f Corn 


10 88 

10 00 

9 65 


9 55 

Protein j Supple- 





1 


[ ment 



10 61 

10 10 


10 01 

Fat 

4 72 

4 58 

4 22 

4 03 

1 4 22 

1 4 03 

N-free extract 



73 80 



70 60 

Ash 

I 65 


■El 


1 46 

5 72 

Calcium 






1 01 

Phosphorus 






0 65 

19t5 

Os 

lbs 

lAe 

lia 


/6* 

Initial / July 3 

25 3 

26 0 

25 0 

23 7 



weight \ Aug 2 





27 6 

28 6 

Final weight, Dec 30 

37 6 

32 6 

82 6 

171 C 

69 6 

192 5 


The average weights of the animals give the impression that 
Lot 32 made a greater gam than Lot 38 The mdividual records 
do not altogether support that idea, however, as one pig m Lot 
32 made a much greater gam than any other recsivmg a similar 
ration 

II Adequacy of Maize Proteins 

The rate of growth of rats receivmg corn plus a salt mixture 
mdicates m some cases an almost surprismg efficiency for the corn 
protems This is the more strikmg if the large percentage of 
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zein m com proteins is borne in mind As has often been pointed 
out, this protein contains neither lysine nor tryptophane The 
question is then at once presented, as to whether growth has oc- 
curred in spite of the zem, or whether zem m the ration has real 
value as a protem. 

This problem was approached from various viewpoints In 
one case the ration of corn and salt mixture was supplemented 
by zem itself If the addition of this protem to maize should 
exert any beneficial action it would seem clear that the zem al- 
ready m com played an essential r61e m the ration of growmg 
animals On the other hand failure of the addition to exert 
any such action would not necessarily prove that all of the zem 
already present was without value Agam the data are not 
conclusive, but it does seem highly probable that the addition of 
zem not only had no value, but was really detrimental Al- 
though Rat 19 made a fair degree of growth, yet on the whole 
the animals receivmg the addition compare unfavorably with any 
of the others receivmg a protem supplement, especially when it 
is noted that three of these anima ls are males It seems highly 
probable that the addition of zem had actually lowered the value 
of com 

The addition of ghadm to com was tried because, accordmg 
to Osborne and others (1916), it contains at most a very small 
percentage of lysme, they give 0 92 per cent as the probable 
value If the addition of ghadm should cause a qmckerung of 
the growth curve, it would seem that the slow growth on com 
was not due to lack of lysme m the zem Osborne and Mendel 
(1911) have already demonstrated that m other respects ghadm 
IS an adequate protom Though it seems clear that no beneficial 
results could be ascribed to the ghadm, it also seems equally clear 
that it had no detrimental action 

Osborne and Mendel (1914) had previously demonstrated that 
the addition of lysme and tryptophane to zem converted it mto a 
protem adequate for mamtonance and growth, so it seemed pos- 
sible that the addition of these ammo-acids to com itself might 
convert the latter mto a more eflBcient diet Accordmgly two 
rats received corn plus 1 per cent lysme, two more received com 
plus 0 5 per cent tr 3 ptophane, and two more received com plus 
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The final results of these feeding trials are given in Table IV 
Ihe upper part of the table gives the composition of the feeds in 
percentages Crude fiber is not mcluded here, as the amounts 
were small, and its value as a source of energy is imcertam The 
sum of the protem, ether extract, mtrogen-free extract, and ash 
IS taken as 100 per cent The lower portion of the table gives 
the weights of the animals These weights are the average of 
the lots Each lot contamed three pigs, except Lots 38 and 39, 
which contained two pigs each 


TABLE rv 

Growth of Swine on Rations of Low and High Mineral Content 


Lot No 

30 

31 

32 

33 

33 

89 

Hatlon 

Com. 

Cora + 
salt mix- 
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ture. 
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mm 


27 6 

28 5 

Final weight, Deo 30 

37 0 

32 6 


171 6 

69 6 

192 6 


The average weights of the animals give the impression that 
Lot 32 made a greater gam than Lot 38 The mdividual records 
do not altogether support that idea, however, as one pig m Lot 
32 made a much greater gam than any other receiving a similar 
ration 

II Adequacy of Maize Proteins 

The rate of growth of rats receivmg corn plus a salt mixture 
mdicates m some cases an almost surprismg efficiency for the com 
proteins This is the more strikmg if the large percentage of 
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1 per cent lynme and 0 5 per cent tryptophane In none of the 
SIX cases did the addition have any evident value ’ 

The food mixture was prepared by grmding the entire maize 
kernel to an impalpable powder, and then intimately mixmg with 
it the ammo-acids This dry mixture was fed to the anunals 
without makmg any effort to form it mto a paste, or to give it 
greater coherence This procedure has one serious disadvantage 
m that rats are wasteful feeders, and it is difiBcult to obtam the 
exact weight of the food consumed It seemed impossible to avoid 
that difficulty however, without encountermg others equally 
serious Observation, as well as such records as we could obtam, 
mdicated that the rats makmg even moderate gams on corn alone 
ate relatively very large quantities of food 
In every case where corn was supplemented with a protem 
the amount added was such as to make the mtrogen content 3 2 
per cent, or the protem content approximately 20 per cent Thus 
the corn protems were shghtly less than one-half the total protem 
The data are presented m Table V 
For comparison some results summanzed m Table I are also 
presented m Table V along with other material that does not 
bear directly on the question of zem insufficiency Consider- 
able variation m the rate of growth is evidenced even among ani- 
mals receivmg the same food The first two diets given, dog 
bread and sunflower seed, and corn and casern, are regarded as 
suitable for normal groivth For reasons that will be g ven later 
however. Rats 70 and 71 are considered shghtly below normal m 
rate of growth 

It IS evident that maize alone may be sufficient for mamtenance 
and for growdh, at least durmg a period of 7 months In fact the 
rapidity of growth that may be attamed on this ration is sur- 
prismg Another strikmg pomt is the very rapid rate of growth 
on corn when supplemented by casern 
The only notable feature concernmg the feedmg of egg white 
and dried blood is the failure of either to exert any beneficial ef- 
fect Our data on dried blood when supphed in other food mix- 
tures are mcomplete, buttherecords of Rats 9, 10, 11, and 12 leave 

• These feeding trials are now being conducted under different con- 
ditions, and the results indicate that the addition of lysine and trypto 
phane does increase the efficiency of corn proteins 
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Reference to Table IV shows that lots receiving corn alone or 
com plus a salt mixture make practically no growth Lot 34, 
as 16 shown in Table VT, received a diet which supposedly approx- 
imates com plus a salt mixture, but with half the digestible corn 
proteins replaced by casern The procedure followed does not 
permit an exact comparison, but it is evident from inspection of 
the data that casern is far more efficient for growth than are the 
protems of com Thus the quantity of casern substituted for corn 
proteins was 4 78 per cent of the ration, yet this substitution 
changed the ration from one barely sufficient to maintain life to a 
ration that sufficed for almost normal growth 

Lot 36 received a ration contammg shghtly less casern than 
did Lot 34, but nearly twice as much of the corn protem In 
view of the fact that this lot gamed almost 30 per cent more than 
Lot 34, the additional com protem received by Lot 36 must be 
ranked as fairly efficient 

Another result worthy of note is the failure to secure more 
rapid growth by the addition of still larger amounts of casern 
McCollum has mdicated (1914) that up to a certam limit of pro- 
tem mtake, the amount retamed by swme is a certam per cent 
of that mgested It does not seem that his generalization would 
apply to these animals for the protem mtake is not excessively 
high The nature of the limiting factor is not clear 

Another result, of min or importance m this connection, is the 
evident inferiority of the blood protems Table IV shows that 
Lots 33 and 39 received rations qmte similar, with the exception 
that m one case the protem supplement was blood protem, m an- 
other, egg white However, the lot that received egg white made 
a greater gam m 5 months than the blood protem lot did m 6 
months 

As has been previously mentioned, some of the rats were able 
to grow at a fairly rapid rate on corn and a salt mixture, but the 
swme seemed to utilize this ration for growth much less efficiently 
Though t.hiR discrepancy might seem to mdicate a fundamental 
difference m their metabohc processes, it is beheved that such a 
result is to be expected Because of the great disparity m size 
the energy metabolism of the rat is vastly greater than that of 
swme, and it mgests much more food per umt body weight An 
excellent illustration of this fact is found m a summary by Arms- 
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no doubt of the adequacy of egg white when supphed m a suit- 
able mixture The corn gluten'* seemed more efficient than 
either the egg white or dried blood, but it is possible that this 
result should be confirmed by a larger number of experiments 
before the fact can be considered established 
A discussion of other features of the swme feedmg experiment 
conducted a^ this institution is pertment at this tune The fa3- 
ure of corn as a sole diet for swme may be due to the wide nutri- 
tive ratio of com, or it may be due to the madequacy of the pro- 
teins that are present m corn To obtam hght on that question 
casern® was added to corn m sufficient quantity to double the di- 
gestible mtrogen already present m the gram Corn starch was 
then added m sufficient quantity to make the nutritive ratio of 
the total added material, 18 8, equal to that of the corn Three 
pigs received this ration, and other lots of three received com 
plus various amounts of casern The quantity of the supplement 
added was such that Lot 36 received a ration ■with a nutritive 
ratio of 1 6, while this ratio for Lot 35 was 1 3 The growth 
on these rations is summarized m Table VI 

TABLE VI 

A Oompanson of the ValxK of Casein and Com Proteins xn the Ration of 


Growing Swine 


Lot No 

34 


85 

Ration 

Nutritive rotJo 

1 8.8 

Com 25 00 ports. 
Starch 21 40 
Casein 3 00 " 
Salt 

mixture 1.24 * 

Nutritive ratio 

1 6 

Com 50 00 parts. 
Capein 2 83 ** 
Balt 

mixture 1.32 ** 

Nutntive ratio 

1 * 

Corn MOOp^ 
Cniein 11 tS 

Salt „ , 

mixture IJK 


per e*7ii 

perceni 

P4f etrti 

Protein 

5 64 

10 29 

8 77 

iSuppIement 

4 78 

4 21 

14 91 

Ether extract 


4 97 

6 92 

N-free extract 

82 80 

76 15 


Ash 

3 73 

4 33 

4 61 


Ibe 

tbM 

lia 

Imtial weight, July 3, 1916 

72 

64 

59 

Final weight Dec 30 , 1915 

494 

600 

602 


* Kindly furnished by the Com Products Co of Edgewater, N J 
‘ Commercial buttermilk casein obtained from the Beatrice Creamery 
Co Topeka Kansas 
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accessories, the so called vitaimnes, exist Their attitude, how- 
ever, IS not the one commonly taken 

Most of the experiments described m this paper did not m- 
dude the vitamme factor, but some of the facte presented wdl 
bear inspection from that standpomt It is evident that, if the 
existence of these accessories is conceded, corn contains them m 
some degree In this laboratory rats were brought to apparently 
normal maturity on corn and a salt mixture as the sole diet 
Schaumann (1915) states that corn is “sufficient” for pigeons and 
rats, but insufficient for rabbits, goats, and gumea pigs Funk 
(1913) has shown that the outer layer of corn contains an anti- 
neuntic substance, and a recent article by Willard (1916) states 
that this fact was also discovered mdependently by J S Hughes 
of this college Hughes fed polished rice to pigeons until they 
had developed extreme cases of polyneuritis They could scarce- 
ly move, and would make no effort to swallow In many cases 
death was unquestionably only a matter of hours If a few gra m s 
of corn were forced mto the crop at this stage, the birds would 
make a swift recovery, and m 1 or 2 days present a wholly normal 
appearance It is evident therefore that some of these acces- 
sories are present m corn 

Yoegthn (1915) m an article on the effects of a vegetable diet 
says comparatively httle concernmg accessory substances, but 
gives the impression that satisfactory growth could not be at- 
tamed by animals fed on com alone Slonaker (1912) also states 
that a strictly vegetable diet is unsatisfactory for growmg rats 

The origmal data submitted m this paper make it evident that 
rats may slowly grow to apparently normal matunty on corn 
alone, though some do not succeed m domg so When corn is 
supplemented with casern growth occurs at a fairly rapid rate 
The blood preparation seems shghtly less efficient, and the egg 
white considerably less Inasmuch as casern ordinarily carries 
large quantities of the accessories, the meffectiveness of the egg 
white might seem due to a lack of those substances, and that 
explanation readily suggests itself That the difference is not 
due to poor quahty of the protem is shown by the behavior of 
Eats 11 and 12, Table V These animals received egg white 
along with starch, butter, and protem-free milk, and grew at 
the maximum rate Additional support for the views that egg 
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by (1914) of Pettenkofer and Voit’s residts For example, a 
dog weighing 3 10 kilos produces 2 41 times as much heat per umt 
body weight as does a dog weighmg 30 66 kilos On comparmg 
rats and swme the difference is found to be much greater Ac- 
cordmg to Knapp (1908) the energy requirement per day of a 
200 gm rat is approximately 60 calories, or 250 calories per kilo 
Comparable data concemmg swme are not at hand, but the re- 
sults obtained m the swme feedmg experiment just mentioned 
will serve for purposes of comparison The average weight of 
the pigs m Lot 36 for the last 30 days of the feedmg trial was 
86 4 kilos The average daily feed consumption durmg that tune 
was 1 64 kilos The analyses of the ration are not complete 
enough for an exact calculation of its calorific value, but it is ap- 
proximately 6,745 calories The energy consumption per kilo 
of these animals, than, is 66 5 calories, or approximately one- 
fourth of that of a 200 gm rat The experimental procedures 
do not pernut a precise comparison, but m all probabihty the data 
submitted here tend to diminish rather than exaggerate the differ- 
ences Although the energy requirement per umt body weight 
IS much higher for the rat, the protem reqinrement is generally 
beheved to be httle if any higher In other words, after each 
animal has satisfied its calorific needs, the rat has a much larger 
mtrogenous residuum with which to build new protem tissue 

III The Presence of Growth Accessories 

A number of mvestigations, notably those of Osborne and 
Mendel, McCollum, and Funk, make it highly probable that a 
normal diet must contam certam “accessory” substances These 
are of unknown chemical composition, and the quantity reqmred 
IS undoubtedly small, but nevertheless they are mdispensable 
components of an adequate diet 

The suggestion has frequently been made that the slow rate of 
growth obtamed when corn is the sole article of diet is due to a 
lack of one or more of these accessory substances The hter- 
ature on this particular pomt is not abundant, and is both con- 
fusmg and conflictmg It might be well to note at the outset 
that some mvestigators, Abderhalden (1913) and Rohmann 
(1916), question the necessity of assuming that any such food 
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accessones, the so called vitamines, exist Their attitude, how- 
ever, IS not the one commonly taken 

Most of the experiments described m this paper did not m- 
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bear inspection from that standpomt It is evident that, if the 
existence of these accessories is conceded, corn contains them in 
some degree In this laboratory rats were brought to apparently 
normal matunly on corn and a salt mixture as the sole diet 
Schaumann (1915) states that corn is “sufficient” for pigeons and 
rats, but insufficient for rabbits, goats, and guinea pigs Funk 
(1913) has shown that the outer layer of corn contains an anti- 
neuntic substance, and a recent article by Willard (1916) states 
that this fact was also discovered mdependently by J S Hughes 
of this college Hughes fed polished rice to pigeons until they 
had developed extreme cases of polyneuritis They could scarce- 
ly move, and would make no effort to swallow In many cases 
death was unquestionably only a matter of hours If a few grams 
of corn were forced mto the crop at this stage, the birds would 
make a swift recovery, and m 1 or 2 days present a wholly normal 
appearance It is evident therefore that some of these acces- 
sones are present m corn 

Voegthn (1915) m an article on the effects of a vegetable diet 
says comparatively httle concemmg accessory substances, but 
gives the impression that satisfactory growth could not be at- 
tamed by animals fed on com alone Slonaker (1912) also states 
that a strictly vegetable diet is unsatisfactory for growmg rats 

The original data submitted m this paper make it evident that 
rats may slowly grow to apparently normal maturity on com 
alone, though some do not succeed m domg so When corn is 
supplemented with casern growth occurs at a fairly rapid rate 
The blood preparation seems shghtly less efficient, and the egg 
white considerably less Inasmuch as casern ordinarily carries 
large quantities of the accessories, the meffectiveness of the egg 
white might seem due to a lack of those substances, and that 
explanation readdy suggests itself That the difference is not 
due to poor quahty of the protem is shown by the behavior of 
Hats 11 and 12, Table V These animals received egg white 
along with starch, butter, and protem-free milk, and grew at 
the maximum rate Additional support for the views that egg 
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white may be lackmg m accessories is found in McCollum's (1915) 
experience m usmg egg white as an adjunct to polished rice The 
failure of rats to gam on polished rice has been ascnbed to pro- 
tem insufficiency, so McCollum supplemented the rice with ash- 
free egg white and a smtable salt mixture The rats failed to grow 
normally on such a ration, however, thus mdicatmg a lack of 
growth accessories in the egg white 
The “ash-free” casern, viewed from that standpomt, may have 
exerted imexpected efficiency The only object m preparmg it, 
however, was to obtam a product relatively free from calcium, so 
the material was not extracted with alcohol or ether, and no ef- 
fort was made to free it of accessory substances It is also well 
to note that the animals receiving such material did not grow as 
rapidly as those receivmg the crude product In Table V, Rats 
70 and 71 received the ash-free casern, and these animals grew at a 
distmctly slower rate than those receivmg crude casern Corn 
gluten exhibits surprismg value when used m this connection 
As our preparation contamed 4 4 per cent of ether extract, some 
mterest is attached to Funk’s (1914) statement that corn prod- 
ucts contaimng considerable quantities of corn oil are richer m 
these unknown substances In view of the relative superiority 
of casern as a supplement to corn, there is a temptation to give 
great weight to the vitairune factor and some effort is bemg made 
m this laboratory to mvestigate the theory m an experimental 
way It IS generally beheved that an adequate diet becomes 
“insufficient,” when heated to high temperatures, and a volumi- 
nous hterature has accumulated on usmg such material lo 
feedmg trials The usefulness of the procedure is open to ques- 
tion, as it IS conceivable that factors other than “vitammes” 
might be subject to alteration The method was followed here 
in a small way, however, for if the accessories are destroyed by 
heat, and rats are able to grow on heated food mixtures consist- 
mg chiefly of corn, then failure of the animals to grow on maize 
could not be ascnbed to lack of accessories m the gram If, on 
the other hand, rats fad to utihze heated foods for growth, the 
mterpretation is not so obvious Accordmgly enough egg white 
to make a total of 20 per cent protem was added to com, along 
with 4 per cent salt mixture, and the material was then heated 
for 6 hours m an autoclave at 30 pounds’ pressure Four animals 
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were given this ration, and their behavior on such a diet is re- 
corded in Table VII 


TABLE vn. 


Growth of RaU on a Rahon Subjected to High Temperatures 


Hit No. 

TV 

80 

81 

83 

Initial weight 

40 

43 

60 

42 






3 

65 

63 

62 

Dead 

6 

68 

57 

61 


9 

72 

63 

76 


12 

70 

65 

87 


15 

76 

85 

90 


18 

68 

87 

87 


21 1 

Dead 

88 

91 


24 


64 

66 


27 


Dead 

Dead 



None made any noteworthy growth, and all died comparatively 
soon, without any evident cause, excepting that the food had 
been heated 

StJMMAET 

The evidence mdicates that when corn is fed to rats as the sole 
dietary the mmeral constituents are the first hmitmg factor, and 
then the protem In the case of swine these findmgs are appar- 
ently reversed Protem is here the first hmitmg factor, and then 
the mmeral element The data also mdicate that the com pro- 
teins are less efficient for growth than casern The addition of 
lysme and tryptophane to maize did not mcrease its efficiency for 
growth The addition of some of the adequate proteins (egg 
white) seemed of only shght benefit In view of these facts it 
seems possible that one of the hmitmg factors m corn as a food 
fcH* growmg rats is one or more of the growth accessories 

Young rats on a corn diet grow more rapidly when the gram 
IS supplemented with casern than when supplemented with egg 
white This observation assumes added significance smce food 
mixtures contammg protem-free milk, butter, and egg white are 
more efficient for growth than nuxtures of corn and egg white, 
even though the protem of the corn mixture furnishes a rela- 
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white may be lackmg m accessories is found m McCollum’s (1915) 
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nous hterature has accumulated on usmg such material m 
feedmg trials The usefulness of the procedure is open to ques- 
tion, as it IS conceivable that factors other than "vitammes 
might be subject to alteration The method was followed here 
in a small way, however, for if the accessories are destroyed by 
heat, and rats are able to grow on heated food mixtures consist- 
mg chiefly of corn, then failure of the animals to grow on maize 
could not be ascribed to lack of accessories m the gram If, 
the other hand, rats fail to utilize heated foods for growth, the 
mterpretation is not so obvious Accordmgly enough egg white 
to make a total of 20 per cent protem was added to com, along 
with 4 per cent salt mixture, and the material was then heated 
for 6 hours m an autoclave at 30 pounds’ pressure Four animals 



A COLORIMETRIC METHOD FOR THE DETERMINA- 
TION OF ACETONE IN URINE 

Bt frank a csonka 

(From the Laboratory of Dr J P McKehy, Pittsburgh ) 

(Received for publication, August 23, 1916 ) 

Frommer' m 1905 used salicyhc aldehyde as a quahtative test 
for the detection of acetone in the imne Tiemann and Kees* 
had already studied this acetone compound and Fabmyi* m 1900 
earned the mvestigations stiU further The alkali salt of Fabmyi’s 
dioxydibenzene acetone 

OH-C^-CH = CH-CO-CH-.CH-C,H«-OH 

IS the compound, the red color of which was made use of by 
Frommer m his acetone test Frommer’s quahtative test is as 
follows 

“To 10 oc of unne about 1 gm KOH is added Before solution has 
occurred 10 to 12 drops of a 10 per cent solution of sabeybo aldehyde in 
absolute alcohol are added and tbe mixture wanned to about 70°C At 
the zone of contact of the alkali and unne an mtenae puipbah red ring 
develops m the presence of acetone ” 

Frommer claimed for his test the advantage over others m 
that it was specific for acetone as the presence of diacetic acid 
did not give the color reaction Bohnsch,^ made a critical study 
of the various quahtative tests and confirmed Frommer’s claim 
of supenonty m his test, and advised its general use The 
specificity of the reaction suggested its use m the development 
of a colonmetnc method for the quantitative estimation of ace- 
tone, usmg the distillate of the urme (which naturally mcludes 

1 Frommer, V , Bert Uin Woch , 1905, xbi, 1008 

» Tiemann, F , and Kees, A., Ber chem Gee , 1885, xvui, 1964. 

» Fabmjn, R., Chem Zentr , 1900, ii, 302 

‘ Bobnsch, P , Pharm Zentralhalh, 1907, xlviu, 207 
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tively higher per cent of calories than does the protein of the 
more efficient diet 

Autoclaved corn mixtures faded to mamtam body weight, and 
ultimate failure resulted 

Smce swme grow rapidly on a mixture of corn and egg white, 
it IS beheved that corn contains sufficient of the growth accesso- 
ries for normal growth m swme 
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If sugar IS not present in the urine the preformed acetone may- 
be determined directly from -the unne and by the subtraction 
of the preformed acetone from the -total acetone, ive may calcu- 
late -the amoimt of diacetic acid The presence of sugar m the 
urme used directly disturbs the m-tensity of the color reaction 

Method 

Three solutions are necessary m the estima-tion of the acetone 
(1) A 10 per cent sahcyhc aldehyde solution m 95 per cent alco- 
hol (10 gm sahcyhc aldehyde made up to 100 cc by addmg 95 
per cent alcohol) (2) 100 per cent KOH solution (to 100 gm 
KOH, sohd, are added 60 cc distdled -water) (3) The standard 
solution It Tvas found that the most convement iray to pre- 
pare -the standard -was by checkmg the concentration of the ace- 
tone (c p ) by the Messmger method and then makmg a solution 
such that 2 cc should contam 0 1 mg of acetone On allo-wmg 
the standard solution to stand for a long penod of tune, Marriott* 
noticed the effect of polymerization on the standard solution used 
m his nephelometnc method It is ad-vosable -to renew -the stand- 
ard after 10 days, though it was found -that there was no appre- 
ciable change m the color mtensity after the standard had stood 
2 weeks, when permanency of the color was controlled by a freshly 
made standard and also by a bichromate solution 

In performmg the test, urme sufficient to con-tam 8 to 24 mg of 
acetone (usually 25 to 100 cc ) are measured by a pipette mto a 
750 cc flask, 5 cc of concentrated H^SOi are added and the vol- 
ume IS made up to about 300 cc -with distiUed water The whole 
IS distilled for 20 mmutes, using a Liebig condenser The re- 
ceiver should dip under the hqmd m the receivmg flask to which 
has pre-Piously been added 25 cc of distilled water The distillate 
IB transferred to a 200 cc normal flask 

The residue of urine from -which the total acetone ivaa obtamed can 
be used for the determination of |S-oxybutync acid (Shaffer) Dilute the 
residue to about 400 cc -with distilled -water, add 10 cc concentrated HiSO«, 
distill agam for 2 hours, addmg drop by drop 200 cc of a 0 5 per cent solu- 
tion of potassium bichromate (for unne contaimng sugar use 1 per cent) 
The solution should be kept at moderate boilmg so that at the end of 2 
hours the distillate can be made up to 250 cc m a normal flask The 
acetone is determmed in the distillate as descnbed below 
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the preformed acetone and that derived from the decomposition 
of diacetic acid),reahzmg the advantages such a method would 
possess m rapidity, specificity of color, and simphcity The 
Messmger'* lodimetric method is the one generally m use Mar- 
riott' recently described a nephelometric method for the estima- 
tion of mmute quantities of acetone m blood and tissues, which 
method m general was applied by Fohn and Denis’' to urme The 
aim of the writer was to make the colorimetric method as simple 
and rapid as possible without saerifiemg accuraey, makmg it 
adaptable also to clmical work It is not a micro method, though 
apphcable to mmute quantities when a concentrated acetone 
solution obtamed by a second slow distillation is used AH the 
above mentioned methods, exceptmg that of Fohn and Denis, 
require a second time-consummg distillation to make it certam 
that acetone only is mcluded m the result obtamed 

The determination of )9-oxybutyric acid by the Shaffer' method, 
m which the acid is oxidized by bichromate, is m reahty an ace- 
tone determmation, he used the Messmger method for determm- 
mg the acetone If glucose is present m the urme it must first 
be removed, smce there goes mto the distillate, in addition to 
the acetone, other volatile substances that absorb the lodme 
The colorimetric method is directly applicable to the determina- 
tion of acetone m the distdlate, the sugar m the urme does not 
mterfere with the reaction, smce the volatile substances derived 
from the oxidation of the glucose do not give the color reaction • 
The removal of the sugar, which Shaffer accomphshed by basic 
lead acetate, and a second distdlation, is rendered unnecessary 

By dnvmg out aU the preformed acetone before the distillation 
by means of an air current (Folm), it is possible to detemune 
mdirectly the amoimt of preformed acetone by subtractmg the 
acetone derived from diacetic acid from the total acetone 

‘ Messmger, J , Ber chem Oet , 1888, xxi, 3366 

* Marriott, Vf M , J Biol Chm , 1913, xvi, 281 

i Fohn, O , and Denis, W , J Biol Chem , 1914, xviu, 263 

‘ Shaffer, P A , and Marriott, W M , J Biol Chem., 1913, xvi, 265 

• 3 gm of glucose were oxidized by potassium bichromate under con- 
ditions similar to those given in the text for the A-oicybutyric acid deter- 
mmation The single distillate absorbed 12 16 eo 0 1 n, and another 
sample 18 1 cc 0 1 n lodme solution 2 co of the distillate did not give 
any color reaction, employmg the method advised m the text 



THE TOXICITY OF CAROTIN 
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{From Ihe Deparlment of Pathology of the University of Chicago ) 

(Received for publication, August 23, 1016 ) 

In the course of an investigation of the effects of the bleaching 
of flour by chlorme gas, it became necessary to ascertam the 
possible toxicity of the pure pigment matter, both bleached 
and unbleached As there could be found m the hterature no 
report of any study of the possible physiological action of color- 
ing matters of this class, it has seemed advisable to publish a 
bnef account of our work, although the results are entirely 
negative 

It IS quite certam that the colormg matter m flour is the same 
as that m carrots — carotm Wesener and Teller ascnbed the 
color m flour to carotm m 1911,* and suggested this m 1909 
Momer-WUhams* has advanced further proof that the colormg 
matter m flour is carotm, which is called “carrotene” by him. 

The amount of carotm m flour is very small Monier-Williams 
found m flour m parts per milhon as follows 

UnblHuiod Bleached. 

Flour A (photographic) 0 90 

“ A (colomnetnc) 13 0 81 

“ B ( “ ) 2 0 1 28 

The color is usually obtained from carrots, which contam it 
m relatively large quantities Willstatter obtamed 125 gm 
from 5,000 kg of carrots Monier-Wilhams gives 2 gm as the 
yield from 100 lbs of carrots 1 3 gm colormg matter was ob- 
tamed by us from 54 lbs of carrots 

We obtamed the colormg matter as follows 54 lbs of carrots 
yielded 21 2 kg cleaned and trimmed material, which was ground 

• Wesener J A , and Teller, G L , J Ind and Eng Chem , 1911, ui, 912 

> Momer-W illiama, G W , Reports, Local Gov’t Board {Great Britain), 
Pub Health and Med Subjects, M Senes, No 7S, 1912 
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Acetone m Unne 


2 cc of the distillate are measured mto each of two large test- 
tubes, for duphcate determmation 2 cc of a 100 per cent KOH 
solution are added, mixed well, and then 1 cc of 10 per cent sali- 
cyhc aldehyde is added Immediately the tubes are placed in 
a water bath at 45-50°C for exactly 20 mmutes to develop the 
color Dunng this time the solutions should be thoroughly 
mixed several times 2 cc of the standard solution, containing 
0 1 mg of acetone, are prepared similarly and synchronously 
The tubes are removed after 20 mmutes, 10 cc of distilled water 
added to each tube, the contents cooled, and transferred to 25 cc 
normal hasks filled to the mark with distdled water The read- 
mg should be made m a Duboscq colorimeter withm 30 to 46 
mmutes from the time of the addition of sahcyhc aldehyde, 
settmg the standard at 15 mm 

As above stated, if sugar is not present m the unne, the preformed 
acetone may be detennmed directly The urme is made alkahne with 
a few drops of concentrated KOH, filtered, and the filtrate used for the 
direct determination of the acetone (preformed), as descnbed above 

Smce the development of the color and its mtensity depend 
on the concentration of the reagents, special care should be taken 
with exact measurements The amount of sahcyhc aldehyde 
and of KOH, and the time for the color development were tried 
out systematically and found to be most satisfactory when the 
above procedure was followed By usmg pure acetone solution 
and urme with known amounts of acetone added, it was found 
m several determmations that the limi t of error was *2 per 
cent The colorimetric method generally gives a lower result 
than the lodometnc 


SUMMABT 

A colorimetric method for the quantitative determmation of 
acetone m urme is presented, based on the red color of the alka- 
Ime salt of dioxydibenzene acetone, which was first used by From- 
mer as a quahtative test for acetone The method is also recom- 
mended for clinical use on account of its simplicity, accuracy, 
and rapidity of estimation 

1* In case the solution presents too intense a color, instead of using 25 
CO., the volume may be made up to 60 co and the result multiplied by two 


THE TOXICITY OF CAROTIN 

Bt H GIDEON WELLS and O F HEDENBURG 
(From the Deparltnenl of Pathology of the University of Chicago ) 

(Received for publication, August 23, 1916 ) 

In the course of an mvestigation of the effects of the bleaching 
of flour by chlorine gas, it became necessary to ascertam the 
possible toxicity of the pure pigment matter, both bleached 
and unbleached As there could be found m the hterature no 
report of any study of the possible physiological action of color- 
uig matters of this class, it has seemed advisable to publish a 
bnef account of our work, although the results are entirely 
negative 

It IS quite certam that the colormg matter m flour is the same 
as that m carrots — carotm Wesener and Teller ascribed the 
color m flour to carotm m 1911,' and suggested this m 1909 
Momer-Wilhams* has advanced further proof that the colormg 
matter m flour is carotm, which is called "carrotene” by hun. 

The amount of carotm m flour is very small Monier-W illiamR 
found m flour m parts per milli on as follows 

Unbleached Bleached. 

Flour A (photographic) 14 0 90 

“ A (colorunetnc) 1 3 0 81 

« B ( “ ) 2 0 1 28 

The color is usually obtamed from carrots, which contam it 
m relatively large quantities Willstatter obtamed 125 gm 
from 5,000 kg of carrots Monier-Wilhams gives 2 gm as the 
yield from 100 lbs of carrots 1 3 gm colormg matter was ob- 
tamed by us from 54 lbs of carrots 

We obtamed the colormg matter as follows 54 lbs of carrots 
yielded 21 2 kg cleaned and trimmed material, which was ground 

‘ Wesener, J A , and Teller, G L , J Ind and Eng Chem , 1911, m, 912 

’ Monier-Wilhams, G W , Reports Local Gov't Board {Great Britain), 
Pub Health and Med Subjects, M Senes, No 7S, 1912 

213 



214 


Toxicity of Caxotm 


m a meat grmder The groimd material was desiccated first 
by alcohol and then by distillation at 80-90° in vacuo The 
dried mass was extracted with boihng 96 per cent alcohol The 
alcohol extract yielded an extract with chloroform which was 
saponified with alcohohc potash After the alcohol was removed 
by distdlation, the residue was dissolved m water and extracted 
with ether This ether extract weighed 11 2 gm and consisted 
of colorless crystals mixed with carotm The pigment was con- 
centrated by dissolvmg the entire mass m carbon bisulfide and 
alcohol with the subsequent addition of enough water to cause 
the carbon bisulfide to separate, carrymg with it most of the 
color Several such treatments gave finally a highly colored 
mass that left practically nothmg m the alcohol-water layer 
This was now treated with alcohohc potash to remove with 
certamty all carbon bisulfide After removmg the alcohol the 
aqueous solution of the residue 3 rielded an ether extract contain- 
mg 1 3 gm of concentrated pigment 

One-half of the pigment, 0 66 gm , was chlormated as follows 
The ether solution was shaken with a water solution of chlorme 
(6 cc Cli solution contammg 0 01443 gm Gj per cc) 0 65 
gm carotm, CioHw, requires by theory 0 0861 gm Clj to form 
CioHsjCls, and our material used 0 08668 gm Gj The color of 
the ether solution decreased and the Gt odor vanished The 
chlorinated product weighed about 0 09 gm more than the 
mitial amount 

In subsequent experiments we obtamed but 1 2 gm pigment 
from 200 lbs of carrots, which vary greatly m pigmentation at 
different seasons 

This purified pigment was used m the foUowmg experiments 
As it IS soluble only m fat solvents, which are aU more or less 
toxic, it was used dissolved m sterile olive oil This would 
seem to be a smtable solvent, however, as shown by the efliciency 
of phlorhizm dissolved m oil when used m metabolism studies 
Because of the extremely mmute quantity of colormg matter 
contamed m flour, it was not feasible to conduct experiments 
with carotm from flour, as only 1 gm of color is contamed m 
1,000 kg of flour, and m view of the demonstrated identity of 
the colormg matter of flour and carotm from carrots the mvesti- 
gafaon of the latter seemed sufficient 
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Two pairs of male guinea pigs were given mtraperitoneal 
injections of carotm dissolved m olive od and sterilized by bnef 
heatmg on tbe water bath 

N 1 Wt 339 gm , given 3 cc oil with 0 KXJ gm natural carotm 

P 1 Wt 316 " " 3 " " “ 0 100 “ cblormated carotm 

N 2 Wt 265 " " 5 " “ “ 0 200 " natural carotm 

P 2 Wt 245 “ “ 5 “ " " 0 200 " chlonnated carotm 

These animals were kept under close observation for 12 hours, 
the temperature bemg taken every 2 hours At the end of 4 
days, dunng which they were frequently examined, they were 
killed with illuminatmg gas Practically no effects were observed 
All showed a rise of 1-2°F , 2 to 6 hours after tbe mjection, but 
so did control pigs given ohve oil alone They all remamed 
quiet hut alert, and ate as well as the control pigs The mine 
at no time showed albunun or sugar, but was of a deep reddish 
brown color The autopsies showed no changes except the pres- 
ence of a considerable amount of fatty yellow material m the 
peritoneum, but much less than the amount mjected There 
were no signs of inflammation or other local changes All the 
viscera seemed normal m both gross and microscopic exammation 
Evidently carotm possesses no considerable toxicity, if any, 
and chlormation does not make it demonstrably toxic The 
quantities of carotm used m these experiments are enormous m 
comparison to the amounts that could be obtamed from any 
food, even carrots The larger dose used, 0 2 gm , is as much 
as IS contamed m 200 kg of flour, or as lutem m 4,000 cows’ 
ovaries (Escher*) 


Local or Cellular Toxicity 

Although the absence of either symptoms or anatormc evidence 
of untation after mtraperitoneal mjections of carotm mdicated 
that it can have httle or no local effect, this was deterimned more 
defimtely by a senes of mtradermic tests This method, devised 
and used m this laboratory by Dr Corper‘ for tbe study of local 
toxicity, has been found very useful for this purpose The 
prmciple and method are similar to those used m the mtradermic 

> Eflcher, H H , Z Physiol Chem , 1913, Ixxmi, 198 

* Corper, H J , J Biol Chem , 1916, xx, p xxi 
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injection of tuberculin or diphtheria toxin As the two prepara- 
tions to be compared are injected side by side m the same am- 
mal, no mdividual pecuhanties of the animal enter as a source 
of confusion or error 

The carotm, dissolved m varymg concentration m ohve oil, 
was mjected m parallel sites mtradermically m 0 2 cc quantities 
mto two gumea pigs The effects were the same m both 

Carotm dissolved m ohve oil to the strength of 10 per cent 
seems to have a very shght local toxicity, as shown by the devel- 
opment of a httle edema and sweUmg At 1 per cent the results 
are very httle different from those with ohve oil alone These 
results are not appreciably different with chlonnated and natural 
carotm Ohve od contammg very Rmnll amounts of carotm 
(0 1 per cent) seems to cause, if anythmg, slightly less protracted 
sweUing than ohve od alone, possibly a shght irritant effect from 
carotm hastens absorption 

These experiments mdicate that even m relatively very large 
doses carotm, whether m its natural state or saturated with 
chlonne, is almost entirely devoid of toxicity Such large amounts 
as 20 mg mjected mtradermically cause only a local edema and 
i nflamma tion, but no necrosis 

The extensive studies of Palmer and Eckles** mdicate that caro- 
tm IS almost imiversally distributed throughout aU animal bodies, 
commg chiefly, if not solely, from the food Our few experiments 
seem to be sufficient to warrant the assumption that any such 
quantities as can ever accumulate m the tissues have no harmful 
effects 

‘Palmer, L S , and Eckles, C H, J" Biol Chem , 1914, xvii, 191 
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xvm. THE NUMBER OF PLACES OF SIGNIFICANT FIGURES IN 
THE DATA OF METABOLISM EXPERIMENTS 

Bt frank C. GEPHART, EUGENE F DU BOIS, and 
GRAHAM LUSK 

{.From the Rtiesdl Sage Institute of Pathology in affiliation mth the Second 
Medical Division of Bellevue Hospital, New York ) 

(Received for publication, July 31, 1916 ) 

In the publications from this laboratory and many others 
results have often been expressed with more decimal places 
than are justified by the accuracy of the methods or the significance 
of the findmgs This mvolves a waste of time and prmters’ 
ink and gives the reader a false impression of the work It is 
extremely desirable to get along with the smallest number of 
digits that will do justice to the experiment and yet allow other 
investigators to recalculate the work. 

In the pubhcation of data three factors must be considered 
(1) the accuracy of the analytical results, (2) the possible errors 
in the methods of calculation, and (3) the sigmficance of the 
findmgs It may be well to consider them m this order 

There is great variation m the accuracy of the different methods 
of analysis used m metabohsm experiments An attempt is 
usually made to keep aU possible errors withm the limits of 1 
per cent, but few mvestigators beheve that they can do this m 
all their work There are some methods m which the error may 
be distmctly less than 1 per cent but they are usually affected 
by some other factor m which the error is much greater 

Holman,* • m his Btandard work on computations, gives, among others, 
the following principles and rules which are well worth repeating 

“Retain everywhere enough places to correspond to two unreliable 
places in the final result, the direct object of this is to keep the first place 

1 Holman, S W , Computation Rules and Logarithms, New York, 1916 

• Holman, Precision of Measurements, New York 2nd edition, 1904 
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injection of tuberculin or diphtheria toxin As the two prepara- 
tions to be compared are mjected side by side in the same am- 
mal, no mdividual pecuhanties of the animal enter as a source 
of confusion or error 

The carotm, dissolved m varymg concentration m ohve oil, 
was mjected m parallel sites mtradermically m 0 2 cc quantities 
mto two gumea pigs The effects were the same m both 

Carotm dissolved m ohve oil to the strength of 10 per cent 
seems to have a very shght local toxicity, as shown by the devel- 
opment of a httle edema and swelhng At 1 per cent the results 
are very httle different from those with ohve oJ alone These 
results are not appreciably different with chlormated and natural 
carotm Ohve oil containmg very Bmpll amounts of carotin 
(0 1 per cent) seems to cause, if an3rthmg, shghtly less protracted 
sweUing than ohve oil alone, possibly a shght irritant effect from 
carotm hastens absorption 

These experiments mdicate that even m relatively very large 
doses carotm, whether m its natural state or saturated with 
chlorme, is almost entirely devoid of toxicity Such large amounts 
as 20 mg mjected mtradermically cause only a local edema and 
inflammation, but no necrosis 

The extensive studies of Palmer and Eckles* mdicate that caro- 
tm IS almost umversally distributed throughout all anunal bodies, 
commg chiefly, if not solely, from the food Our few experiments 
seem to be sufficient to warrant the assumption that any such 
quantities as can ever accumulate m the tissues have no harmful 
effects 

‘ Palmer, L S , and Bokles, C H , / Biol Chem , 1914, xvu, 191 
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XVm THE NUMBER OF PLACES OF SIGNIFICANT FIGURES IN 
THE DATA OF METABOLISM EXPERIMENTS 

Br FRANK C GEPHART, EUGENE F DU BOIS, akd 
GRAHAM LUSK. 

(Prom the Rutsell Sage Inslitute of Pathology in affiliation unlh the Second 
Medical Division of Bellevue Hospital, New York ) 

(Received for publication, July 31, 1916 ) 

In the pubhcations from this laboratory and many others 
results have often been expressed -with more decimal places 
than are justified by the accuracy of the methods or the significance 
of the findmgs This mvolves a "waste of "tame and pnnters’ 
ink and gives the reader a false impression of the "work. It is 
extremely desirable to get along "with the smallest number of 
digits that will do justice to the experiment and yet allo"w other 
mvestigators to recalculate the "work 
In the pubhcation of data three factors must be considered 
(1) the accuracy of the analytical results, (2) "the possible errors 
m the methods of calculation, and (3) "the sigmficance of the 
findmgs It may be "well to consider them in this order 
There is great variation m the accuracy of the different methods 
of analysis used m metabolism experiments An a'ttempt is 
usually made to keep all possible errors "withm the limit s of 1 
per cent, but few mvestigators beheve "that they can do this m 
all their work There are some methods m which the error may 
be distmctly less than 1 per cent but "they are usually affected 
by some other factor m which the error is much greater 

Holman,* ’ m his atandard work on computations, gives, among others, 
the following principles and rules which are well worth repeatmg 

“Retain everywhere enough places to correspond to two unreliable 
places m the final result , the direct object of this is to keep the first place 

* Holman, S W , Computation Rules and Logarithms, New York, 19IS 
» Holman, Precision of Measurements, New York 2nd edition, 1901 
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of unreliable figures m the final result substantially free from the accumu- 
lated rejection errors 

Exceptions A final result is seldom stated to more than one uncertam 
place unless the uncertamty of that place is small (say plus or nunus four 
or less) 

In multipbcation or division, the percentage accuracy of the product 
or quotient cannot exceed that of the factor whose percentage accuracy 
IS least 

In addition or subtraction, the result cannot be accurate beyond the 
first decimal place which is inaccurate in any component 

In casting off places of figures, increase by 1 the last figure retained 
when the first left-hand rejected figure is 5 or greater, otherwise leave it 
unchanged 

A mean or average should alwa 5 a be earned to two unreliable figures 

A mean is more rehable than the single observation from which it u 
computed (m proportion to j/n, the square root of the number of observa- 
tions) ” Undue unportanoe should not be attached to this numencal re- 
lation when the number of observations is very small, as for instance when 
not exceeding 5 or 10 

“In direct multiplication or division, retam in every factor, product, 
and quotient throughout the entire process, and in final results, for an ac- 
curacy of about one per cent, or worse, four places of significant figures, 
one-tenth per cent, or worse, five places of significant figures, and so on 

If the multiplication or division is performed by means of loganthma, 
the mantissa should contain as many places as are required by the fore- 
gomg rules for the direct process, t e , for about one jier cent, or worse, 
use four place tables, one-tenth per cent, or worse, use five place tables 

In addition or subtraction , for an accuracy of about 1 Jier 

cent, or worse, carry the result to four places of significant figures, etc. 

If a single observation deviates widely from the others of the senes 
and no source of error can bo discovered it should be published but not 
used in determinmg the mean except as follows • “Take the mean and 
the (average deviation) a d from this mean of the observations omitting 
the doubtful one Fmd the deviation {d ) of that one from the mean 
Then reject the observation if d > 4 a d Somethmg must 

also be left to the judgment of the observer as to the propnety of 
making a rejection ” 

As Holman’ goes on to say "There is a tendency, especially among 
inexpenenced observers, to become biassed by the first one or two read- 
ings of a senes, and to reject, without recording it, any later one which 
does not closely accord with these, tacitly assuming it to be faulty This 
IS an essentially vicious practice which cannot be too carefully avoided 
Other thmgs being equal the later observations are entitled to greater 
rather than less weight than the earlier ones and no result should be re- 
jected without sufficient warrant 


’ Holman, Precision of Measurements, New York, 2nd edition, 1904, 30 
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The rules* ^ so framed that, bamng mistakes, the greatest possible 
computation error entermg into the result of any ordinary computation 
(e g , one mvolving a total of not much exceedmg twenty component 
numbers, steps, or operations, where a rejection error may occur) shall 
not be sensible compared with the errors of the measurements or data, 
or shall not sensibly affect the accuracy of the results They are, there- 
fore, safe rules m the worst possible cases But on order to be so they are 
necessarily more than suflaciently strmgent for some classes of compara- 
tively rough work, where the tnfrequent undetected entrance of a com- 
putation error two to four times as large as the experimental error would 
be permissible For such work, one less place of figures may be used, 
but when the rules are thus relaxed the possible consequence should be 
borne m mind, and special scrutmy appbed to the various stages of the 
computation special attention being directed to quantities begmnmg 
with 1 or 2 ” 

The Tnaximiim rejection error possible m any given equation 

can be readily calculated from the formula n representmg 

the number of factors, quotients, and products at which rejec- 
tions are made and r representmg the last place retamed 6 is, 
of course, the maximum rejection error m any one number and 
it IB conceivable that it might be rejected m the same direction 
in every case The greatest percentage error will occur if every 

1 

factor begins with the digits 10 In order to make or 

1 per cent we can have the foUowmg combmations r = 3 and 
n *= 2, or r = 4 and n = 20 Therefore, if we use only two fac- 
tors we need retam only three places to have the maximum error 
1 per cent If we have 20 factors, quotients, etc , we must re- 
tam four places It is extremely improbable that the figure 
rejected would be -t-5 or —5 m every case and the natural ten- 
dency would be for the rejections to neutrahze each other It 
IS also unprobable that all the factors would begm with 1 If, 
for instance, any factor began with 5, the above percentage error 
would be divided by 5 

In some of the calorimeter calculations there are as many as 
fifteen or twenty multiphcationB, divisions, etc , and it is obvious 
that for such work four places should be retained until the end 
On the other hand, analyses of food, unne, etc , mvolve simple 

‘Holman, Computation Rules and Ijoganthms, New York, 1916, p tIhi 
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of unrebable figures in the final result substantially free from the aooumn- 
lated rejection errors 

Exceptions A final result is seldom stated to more than one uncertam 
place unless the uncertainty of that place is small (say plus or mmus four 
or less) 

In multiplication or division, the percentage accuracy of the product 
or quotient cannot exceed that of the factor whose percentage accuracy 
IS least 

In addition or subtraction, the result cannot bo accurate beyond the 
first decimal place which is inaccurate m any component 

In casting off places of figures, increase by 1 the last figure retamed 
when the first left-hand rejected figure is 6 or greater, otherwise leave it 
unchanged 

A mean or average should always bo earned to two unreliable figures 

A mean is more rebable than the single observation from which it is 
computed (m proportion to j/ n, the square root of the number of observa- 
tions) ” Undue importance should not be attached to this numenoal re- 
lation when the number of observations is very small, as for instance when 
not exceeding S or 10 

“In direct multiplication or division, retam m every faetor, product, 
and quotient throughout the entire process, and m final results, for an ac- 
curacy of about one per cent, or worse, four places of significant figures, 
one-tenth per cent, or worse, five places of significant figures, and so on 

If the multipbcation or division is performed by means of loganthms, 
the mantissa should contain as many places as are required by the fore- 
gomg rules for the direct process, t e , for about one per cent, or worse, 
use four place tables, one-tenth per cent, or worse, use five place tables 

In addition or subtraction , for an accuracy of about 1 per 

cent, or worse, carry the result to four places of significant figures, etc 

If a single observation deviates widely from the others of the senes 
and no source of error can be discovered it should be published but not 
used in determuung the mean except as follows • “Take the mean and 
the (average deviation) a d from this mean of the observations omittmg 
the doubtful one Emd the deviation {d ) of that one from the mean 
Then reject the observation if d > 4 a d Somethmg must 

also be left to the judgment of the observer as to the propnety of 
makmg a rejection " 

As Holman* goes on to say "There is a tendency, especially among 
mexpenenced observers, to become biassed by the first one or two read- 
mgs of a senes, and to reject, without recording it, any later one which 
does not closely accord with these, tacitly assuming it to be faulty This 
IS an essentially vicious practice which cannot be too oarefuUy avoided 
Other things being equal the later observations are entitled to greater 
rather than less weight than the earlier ones and no result should be re- 
jected without sufficient warrant 


Holman, Precision of Measurements, New York, 2nd edition, 1904, 30 
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the present paper to standardize the number of places used m 
the publications from the Hussell Sage Institute of Pathology 
If the number of places is smaller tbn-n heretofore used it must 
not be felt that the accuracy of the work has been impaxed or 
has been considered inferior to that of other laboratories Analy- 
ses of food, urme, and feces are always made m duplicate and 
standard methods used The bomb calorimeter is of the best 
type made The respiration calorimeter is probably the most 
accurate machme of its kmd ever constructed In the metabolism 
ward the collection of specimens is all that could be desired ex- 
cept m the case of very stupid patients An endeavor is made to 
keep the administration of foods to the patients as accurate as 
the analytical methods Only foods which vary but shghtly m 
composition are used and these are weighed before cookmg, 
samples bemg taken from tune to tune for analysiE The most 
uncertam quantity is the patient himself or rather the physiologi- 
cal law which IB bemg mvestigated Nature does not work 
withm 1 per cent limits, especially m disease 
A table is given showmg the number of places to which results 
wdl be expressed m the pubhcations from this Institute In 
most cases three significant figures will be used, m some where 
the analysis is not qmte so exact only two will be given In 
some of the analyses of food, blood, and feces, either two or three 
figures will be used, dependmg on the amounts present and the 
methods of analysis It must not be felt that this table is m- 
tended to disparage the accuraigr of any particular method of 
analysis The rejections of the third and fourth places have been 
made chiefiy because they lack significance For example, we 
could determme the total mtrogen of the urme and feces to 0 01 
gm but if we did not analyze the sweat, the first decimal place 
m the total excreta mtrogen might show a considerable error 
Agam, the third decimal place m the respiratory quotient is 
variable and of no significance except m alcohol cheeks and m 
severe diabetes where it is of considerable mterest and of approxi- 
mate accuracy in many cases 
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calculations witli only three or four factors, some of them being 
constants For such cases the average error would be small 
and the mavimiim error infrequent if the fourth place of each 
titration or weighing were rejected at the start If n were 4 

6 + 6 + 5 + 6 20 

10 0 X 10 0 X 10 0 ^ 1000 


the maximum error would be 


The 


probable error would be more hke the foUowmg example 

i 5 0X8/ox~3U Even If the maximum error did oc- 

cur it would be dimmished m the averages The safest rule, 
however, is to retain through the calculations four places wher- 
ever possible There is no need of retammg five places m any 
metabohsm work except, perhaps, m a few of the calorimeter 
calculations where we are deahng with small difi’erences between 
large numbers The use of five place logarithm tables can be 
almost entirely abandoned if the interpolations be carefully made 
m four place tables 

If shde rules be used, it is usually considered that a 20 mch 
rule corresponds to a four place loganthm table 

When we come to the publication of the results the matter 
IS entirely different The calculations have been made and the 
dangers from rejection errors have been passed Subsequent 
mvestigators may recalculate the findings but such recalculations 
are seldom comphcated and do not mvolve many divisions or 
multiphcations After all, a man who recalculates the work from 
another laboratory does not expiect the error to be less than 1 
per cent 

Even the man who publishes does not often claim greater 
accuracy than this Were the analytical results accurate within 
0 1 per cent, there would be no s*gnificance m such accuracy 
It IS hard to conceive of a 1 per cent difference causmg any change 
m the mterpretation of any one metabohsm experiment A 1 
per cent difference would be of significance only m the mean of a 
large number of experiments If final results are expressed m 
three places they wdl always be withm the 1 per cent hmit and, 
except for numbers begmiung with 1, they will be far within 
this hmit 

Each mvestigator will probably decide for himself the number 
of significant figures that he will publish It is the purpose of 
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the present paper to standardize the number of places used m 
the publications from the Russell Sage Institute of Pathology 
If the number of places is smaller than heretofore used it must 
not be felt that the accuracy of the work has been rmpamed or 
has been considered inferior to that of other laboratories Analy- 
ses of food, urme, and feces are always made m duplicate and 
standard methods used The bomb calorimeter is of the best 
type made The respiration calorimeter is probably the most 
accurate machine of its kmd ever constructed In the metabolism 
ward the collection of specimens is all that could be desired ex- 
cept m the case of very stupid patients An endeavor is made to 
keep the administration of foods to the patients as accurate as 
the analytical methods Onlj’- foods which vary but shghtly m 
composition are used and these are weighed before cookmg, 
samples bemg taken from tune to tune for analysis The most 
uncertam quantity is the patient himself or rather the phj’mologi- 
cal law which is bemg mvestigated Nature does not work 
withm 1 per cent limits, especially m disease 
A table is given showmg the number of places to which results 
will be expressed m the pubhcations from this Institute In 
most cases three significant figures wdl be used, m some where 
the analysiB is not qmte so exact only two will be given In 
some of the analyses of food, blood, and feces, either two or three 
figures will be used, dependmg on the amounts present and the 
methods of analysis It must not be felt that this table is m- 
tended to disparage the accuracy of any particular method of 
analysis The rejections of the third and fourth places have been 
made chiefly because they lack significance For example, we 
could detemnne the total mtrogen of the urme and feces to 0 01 
gm but if we did not analyze the sweat, the first decimal place 
m the total excreta mtrogen might show a considerable error 
Agam, the third decimal place m the respiratory quotient is 
variable and of no significance except m alcohol checks and m 
severe diabetes where it is of considerable mterest and of approxi- 
mate accuracy m many cases 
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SUMMAKT AOT) CONCLUSIONS 

In metabolism work the analytical error is seldom much less 
than 1 per cent A variation of 1 per cent m the result of an 
experiment would not change its significance or affect its inter- 
pretation For these reasons, it seems unnecessary to publish 
more than three significant figures m the tables of data and m 
some cases it is not worth while to publish more than two In 
order to avoid the accumulated rejection error it is advisable to 
retam four figures wherever possible m the calculations and re- 
ject the fourth digit only m the final result 

TABLE L 


The Number of Placet of Significant Figures Adopted at Standards in the 
Publication of Metabolism Data 



No of 
td^ifioaot 
fifuras 

Examples. 

Unit. 

Urine 





Volume 

3 

1,S60 

654 

Cc 

Total nitrogen 

3 

12 4 

7 45 

Gm 

Glucose 

3 

28 2 

9 84 


Ammonia N 

3 

1 24 

0 777 


Urea N 

3 1 

11 3 



Creatine N 

3 

0 013 



Creatimne N 

3 

0 658 



Unc acid N 

3 

0 451 



Punne base N 

2 

0 031 



Amino-acid N 

3 

0 681 



Sodium chloride 

3 

14 5 

1 


Total sulfur 

3 

0 902 



Total phosFihorus 

3 

1 46 



Acetone 

3 

5 23 

0 999 


Diacetio acid 

3 

4 43 

0 851 


S-Oxybutyno 

3 

24 5 

2 45 


Acidity 0 1 N 

3 

240 


Cc 

D N 

3 

3 65 



Feces 





Nitrogen 

3 

1 34 

0 971 

Gm 

Fat 

3 

12 6 

6 34 


Carbohydrate 

2 

1 2 



Ash 

2^ 

0 98 

2 45 


Moisture 

3 

56 4 


- 
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TABLE 1 — Conhnwd. 



No of 
gtgplfieaat 
Djcorvs. 

Examplf*. 

Unit. 

Food (analyses) 


1 



Heat of combustion 

3 

3 24 


Cal 

N analysis 

3 

10 1 


Gm 

Protein (N X 6 25)* 

3 

63 1 



Ether extract 

3 

17 6 



Phosphorus 

3 

1 62 



Carbohydrate 

3 

83 4 



Sodium chlonde 

3 

1 33 



Moisture 

3 

64 6 



Food (given in ivard) 





Calories 

3 

2,340 


Cal 

N 

3 

14 6 


Gm 

Fat 

2 

24 



Carbohydrate 

2 

250 

1 


Sodium chloride 

2 

16 



Water 

2 

2,500 0 



Blood 




Mg 

Urea N 

2-3 

102 

23 


Non-protein N 

2-3 

201 

52 


Glucose 

2-3 

132 

89 


Creatinine 

2 

13 

1 3 


Unc acid 

2 

11 

2 1 


Chlorides 

3 

692 



Fat 

2 

230 

140 


CX)j combining capacity 

2 

69 


1 Volume 





percent. 

Body measurements 





Weight 

3 

74 3 


Kg 

Height 

3 

178 


Cm 

Surface area 

3 

1 85 


Sq m 

Temperature 

3 

37 2 


“C 

Respiratory metabolism 





CO. 

3 

24 6 


Gm 

0* 

3 

23 4 



H.O 

3 

34 7 


(1 

Calories, direct 

3 

65 9 


Cal 

Calories, mdirect 

3 

66 3 



Respiratory quotient 

2 j 

82 



E- Q , severe diabetes 

3 

697 



Per cent calories from protem 





fat and carbohydrate 

2 

17 


Per cent. 


factor is for general use For apecial cases it is more desirable 
to separate the protein and Treigh it as such, or in cases where the nature 
of the protein is known to apply the proper conversion factor 







THE PERMEABILITY OF LIVING CELLS TO ACIDS AND 

ALEJU.IES 


Br A R. HAAS 

(From the Laboratory of Plant Physiology, Harvard University, Cambridge ) 
(Received for pubbcation, August 10, 1916 ) 

Recent investigation has rendered it increasingly clear that 
one of the most powerful means of mfluencmg metabolism is by 
changmg the reaction of the protoplasm In view of this, the 
penetration of acid and alkah mto the cell has taken on additional 
interest 

Some of the most important contributions to this subject may be bneSy 
mentioned De Vnes* found that the red sap of the cells of the red beet 
turns brown when placed in NH<OH, but that on washing m water the 
red color again returns Pfeffer’ showed that the red sap of Pulmonana 
petals, of the stamen hairs of Tradescantia, and of sections of beet root 
first becomes blue and then greenish m dilute NH,OH, KOH, or KiCOa 
Pfeffer’ mentions that as a rule the original color returns when the tissue 
IS well washed with water, while if the reagents are suhBciently dilute and 
the action not too prolonged, the cells remain hving for a tune 

Plant cells have not been utilued in recent mvestigations on the per- 
meability of protoplasm to acids and alkalies, chiefly* because the blue 
anthocyan pigments of petals were considered not to be sensitive enough 
to weak acids (such as acetic) and also because of the fact that many 
plant cells are cuticularized and are therefore not readily wetted or pene- 
trated by the solutions 

Bethe* found that neutral red could be introduced into cells as an indi- 
cator in the study of permeability Warburg* m his work on the permea- 
bihty of sea urchm eggs to alkalies, made use of this dye m staming the 


* De Vnes H , Arch Hierland sc exact et not , 1871, vi, 124. 

* Pfeffer, W , Osmotische Untersuchungen, Leipsic, 1877, 140 Ruhland, W 
{Jahrb mss Bol , 1909, xlvi, 1), has confirmed these observations 

» Pfeffer, The Physiologj of Plants, Oxford, 2nd edition, 1903-06, i, 92 

* Hanaj E N , Science, 1914, xxxix, 947 

* Bcthe, A, Arch ges Physiol , 1909, cxxvii, 219 

* Vi arburg O , Z physiol Chem , 1910, Ixvi, 305 

225 




THE PERMEABILITT OF LIVIHG CELLS TO ACIDS AND 

ALKALIES 

Bt A E. HAAS 

(From the Laboratory of Plant Physiology, Harvard University, Cambridge ) 
(Received for pubbcation, August 10, 1916 ) 

Recent investigation has rendered it increasingly clear that 
one of the most poiverful means of mfluencmg metabolism is by 
changmg the reaction of the protoplasm In view of this, the 
penetration of acid and aUcah mto the cell has taken on additional 
mterest 

Some of the most important contnbubons to this subject may be briefly 
mentioned De Vnea* found that the red sap of the cells of the ted beet 
toms brown when placed m NH<OH, but that on washing in wafer the 
red color again returns Pfeffer* showed that the red sap of Pulmonana 
petals, of the stamen hairs of Tradescanlia, and of sections of beet root 
first becomes blue and then greenish in dilute NBbOH, KOH, or KiCX)i 
PfeAer* mentions that as a rule the original color returns when the tissue 
IB Well washed with water, while if the reagents arc sufficiently dilute and 
the action not too prolonged, the cells remain bvingfor a time 

Plant cells have not been utilized in recent investigations on the per- 
meabihty of protoplasm to acids and alkalies, chieflj’^ because the blue 
anthocyan pigments of petals were considered not to be sensitive enough 
to weak acids (such as acetic) and also because of the fact that many 
plant cells are cuticulanzed and are therefore not readily wetted or pene- 
trated by the solutions 

Bethe‘ found that neutral red could be mtroduced mto cells as an mdi- 
cator m the study of permeabibty Warburg* m his work on the permea- 
bihty of sea urchin eggs to alkalies, made use of this dye in staimng the 
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* Pfeffer W Osmotische Untersuchungen, Leipsic, 1S77, 140 Ruhland, W 
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> Pfeffer, The Physiologj of Plants, Oxford, 2nd edition, 1903-06, i, 92 
Harvej E M , Science, 1914, xxox, 947 
‘ Bcthc A , 4rcA gcs Physiol , 1909, cxrni, 219 

* Warburg O , Z physiol Chem , 1910, bm, 305 
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Permeabihty of Living Cells 


cells Harvey/ in his studies on the penetration of cells to alkalies found 
it diflRoult to secure animals whose cells contain a pigment that shows a 
marked color change on addition of alkah In the absence of a suitable 
pigment he mtroduced neutral red mto the cells, a method which has been 
criticised recently* but which Harvey* has shown to be unaffected by pro- 
teins, lecithin, etc , m respect to sensitivity to different alkalies It was 
found* that bving cells would not stand stainmg with mdicators of acids 
(as had been done previously for alkalies), so that orgamsms with natural 
pigment bad to be found Though many pigmented animals are known 
to occur, those contaming smtable indicators are quite rare 
While on the Barrier Reef expedition,* Harvey obtamed Stichopus 
ananas, the “pnckly fish,” which contains a natural mdicator The pig- 
mented testis of this form served as material for his study of the speed of 
acid penetration of protoplasm Crorier,’* at the Bermuda Biological 
Station, found Chromodons zebra, a nudibranoh, contauung a suitable 
indicator, which he utilized in studying the penetration of acids Further 
investigations at Bermuda have enabled Crozier’* to describe the color 
changes of mdicators derived from four pigmented animals, showing that 
natural mdicators m animals are not qmte so rare as had previously been 
supposed As mvestigators have found it necessary to go to a consider- 
able distance to secure naturally pigmented animals smtable for such stud 
les, it seems very desirable to ascertam whether plant tissues suitable 
for such studies are not readily available 

The ■writer has found that many blue petals are admirably 
adapted ■to the study of the penetration of acids and that many 
red petals and other parts are well suited to the study of the pene- 
tration of alkahes In the course of 'these expenmen'ts the ■writer 
has made extensive use of the foUowmg 1 Petals of BrowaMui 
speciosa 2 Petals of Pelaigonium 3 Perianth of "Queen of 
the blue” hyacmth 4 Root of red radish 

It IS endent that m such mvestigations it is important 'to 
compare the rate of penetration of (I) acids and alkies of the 
same normal concentration as found by ordinary ti'tration, and 
(2) acids and alkahes of the same hydrogen ion concentration 
as found by means of the gas cham Accordmgly, a senes of 
0 01 N acids and alkahes were prepared by ordmary titration 
methods A similar senes of acids of 0 01 n hydrogen ion con- 

' Harvey, J Exp Zool , 1911, \, 507 

» McClendon, J F , and Mitchell, V K,, J Biol Chem , 1911-12, x, 469 
• Hnrvey, Am J Physiol , 1912-13 xxxi, 335 
Crozier, AV J , iS^ctenc^, 1915, xlii, 735 
Crozier, J Biol Chem , 1916, xxiv, 26S, 443 
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centiation and alkalies of 0 01 N hj^droxyl ion concentration was 
made up by means of the gas cham Approximately 50 ce of each 
solution -were run mto each separate tumbler The tumblers 
were ordmanly kept covered with glass plates Blocks of rubber 
that had been boiled m water for several daj's were sht so that 
the plant material could be firmly held m the sht After the 
insertion of the material mto the rubber, the edge of the tissue 
was cut across smoothly by means of a sharp razor This razor 
cut was made to allow the acid to penetrate through the uncuti- 
culanzed walls of the cells, smce it was found that penetration 
through mtact cuticle is excessively slow The cuttmg does 
not appear to mjure m any way the cells m the neighborhood of 
the cut or to affect the color changes which were used as a cnte- 
non of penetration The rubber cubes, below the surface of the 
solution, hold the material and should any air bubbles be at- 
tached to the tissue, they are readdj' removed with the help of 
a glass rod 

The cntenon of penetration was the first appearance of a 
veiy narrow, pist distmguishable, band along the cut edge which 
was observed with the use of the dayhght lamp If the cells 
are washed m distilled water when the first change of color ap- 
pears, the normal color reappears The primary object of the 
experiments has been to ascertain whether or not the same rela- 
te e order of penetration found with animal tissues obtamed also 
m the case of plant tissue The experiments were run for as 
short a time as possible, usually less than i hour and seldom over 
1 hour 

When a very weak acid is penetratmg the cells very slowly, the 
mchcatop may be broken down before sufiScient acid has entered 
the cell m order to cause a change of color m the mdicator When 
such cases occur they can be readfly recognized by making an 
extract and then addmg the mdicator at various rates of speed 
to the acid m a test-tube Short exposure of the plant material 
to the solutions decreases the possibdity of errors due to patho- 
logical conditions 

In the followmg tables the aads are arranged m order of 
jienetration, the most rapidly penetratmg bemg placed first 


Croiier, Science, 1916, xlu, 764 
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Each table gives the results of several (five to ten) senes of 
experiments 


TABLE I 
Browalha Petals 


0 01 N total alkali (titration) 
Ammonium hydroxide 
Sodium “ 

Potassium “ 


0 01 N total aoid (titration) 
Salicylic 
Benzoic 
Trichloroacetic 
Formic 
Hydroohlonc 
Nitric 
Sulfunc 
Phosphoric 
Oxabc 
Tartan c 

atnc 

Acetic Extremely slow 


TABLE n. 

Hyacinth Perianth 

0 01 N total acid (titration) 
Benzoic 
SahcyMc 
Trichloroacetic 
Hydrochlonc 
Nitno 
Sulfunc 
Oxaho 
Formic 
Phosphonc 
Tartanc 
Lactic 
Citnc 1 

Butync f Very slow 
Acetic J 

TABLE m 
Pelargonium Petals 

0 01 N total alkali (titration) 
Ammomum hydroxide 
Sodium hydroxide, po 
taamum hydroxide 
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Table I shows that the results with Browallia petals coincide 
with the results obtained with 0 01 n acids by Harvey and Crozier, 
working with animal tissues, evcept that in Harvey’s eyperunents 
lactic and ovahc acids penetrated more rapidly than phosphonc 
This difference is probably of httle significance, smce ovahc acid 
penetrates more rapidlj'^ than phosphonc mto the perianth of 
the hyacinth ^[Tdble H) 

Test-tube experiments with the natural mdicators showed that 
on addmg 0 01 n acetic or butyric acids the mdicators broke down 
and changed color m such a way that they could not furnish a 
very satisfactory cntenon of penetration Acids which affect 
the mdicators m this manner probably enter the cell slowly as 
a rule and may cooperate with other factors to decompose (or 
isomerize) the mdicator 

The relative penetration of alkahes shown m Tables I and HI 
agrees with the results of Harvey 

It IS evident that as the hydrogen ion is the agent which causes 
the change of color m the cell (and doubtless is primarily respon- 
sible for the effect of acids on metabolism), we should test the 
penetration of the hydrogen ion m solutions which have the same 
hydrogen ion concentration This, as far as the writer is aware, 
has never been done Accordmgly, a series of acids havmg a 
hydrogen ion concentration of 0 01 N and of alkahes havmg a 
hydroxyl ion concentration of 0 01 n, was prepared by the use 
of the gas cham The results are shown m Tables IV, V, and VT 

TABUE IV 
Brouxttha Petals 

0 01 N hydrogen ion conceitration (gas cham) 

Acetic 

Formic 

Lactic 

Trichloroacetic 

Sulfuric 

Oxalic 

Nitnc Approiomately 

Hj drochlonc all the same 

Tartaric 

Phosphonc 

Citnc 
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Each table gives the results of several (five to ten) senes of 
experiments 


TABLE I 


Brotaallta Petals 


0 01 N total alkali (titration) 
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Formic 
Hydroohlono 
Nitnc 
Sulfunc 
Phosphoric 
Oxahc 
Tartan c 

Acetic Ehctremely slow 


TABLE IL 
Hyacinth Penanih 

0 01 N total acid (titration) 
Benzoic 
SalioyMc 
Trichloroacetic 
Hydrochlonc 
Nitnc 
Sulfuric 
Oxalic 
Formic 
Phosphonc 
Tartanc 
Lactic 
Citnc ] 

Butync )• Very slow 
Acetic J 

TABLE in 
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greater than 0 01 N acetic, when the solutions are made up by 
titration as in Tables I, 11, and HI 

If the concentration of the hydrogen ion were the only factor 
governing penetration, we should expect all the acids in Tables 
IV and V to penetrate at the same rate As a matter of fact, 
acetic penetrates more rapidly than formic and the latter more 
rapidly than lactic while the rest go m more slowly than lactic 
The reason for these differences must be left to further 
investigation 

S imila r considerations apply to the penetration of aUcahes 
If the hydroxyl ion concentration were the only factor govemmg 
the penetration of alkalies, we should expect both the alkahes 
m Table V to penetrate at the same rate, but we find that ammon- 
ium hydroxide penetrates more rapidly than sodium hydroxide 

An apparent basis for comparing the rate of penetration of 
hydrogen and hydroxyl ions is afforded by Table VI The 
material (root of red radish) shows a change whether placed m 
acids or m alkahes, and hence we may roughly compare the 
penetration of the two This, however, is of doubtful sigmfi- 
cance because we are unable to say whether the changes m color 
produced by the acid and aIIcrIi correspond to equal changes in 
hydrogen ion concentration 


TABtE VI 

Root of Red Radish. 

Concentrations expressed as normal concentrations of hydrogen or 
hydroxyl ion {gas chain) 



Senes A 

N 

Acetic 


0 0022 

Hydrochloric 


0 003 

Sodium hydroxide 

Senes B 

0 002 

Acetic 


0 0012 

Hydrochloric 


0 0013 

Sodium hydroxide 

Senes C 

0 001 

Acetic 


0 00045 

Hydrochloric 


0 00047 

Sodium hidroxidc 


0 0008 
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TABLET 


Hyacinth Perianth 


0 01 N hydrogen ion concentration 
(gas chain) 

Acetic 

Formic 

Lactic 

Oxaho 

Tartaric 

Phosphoric 

Hydrochloric Approximately 
Citnc all the same 

Sulfunc 
Nitno 

Trichloroacetic 


0 01 N hydroxyl ion concentration 
(gas cham) 

Ammonium hydroxide 
Sodium “ 


When we compare the results obtamed by makmg 0 01 n solu- 
tions by titration (Tables I, II, and III) with the results obtamed 
by makmg solutions of 0 01 N hydrogen ion concentration by the 
use of the gas chain (Tables IV and V), we see strikmg differences 
The most interestmg is the fact that acetic jumps from the botr 
tom to the top of the list, a similar change is seen m the position 
of lactic acid while a much smaller change occurs m the position 
of formic acid 

This is exactly what would be expected if the change m the 
color of the cell depends primarily on the penetration of the 
hydrogen ion For when the solutions are made up, as m Tables 
IV and V, the hydrogen ion concentration of acetic acid is m- 
creased (as compared with the solutions m Tables I and II) more 
than the hydrogen ion concentration of lactic or formic, and con- 
sequently it ought to change its position on the list more than 
either lactic or formic 

Formic acid (ionization constant 0 0214) dissociates more than 
lactic acid (ionization constant 0 0138) and the latter more than 
acetic acid (ionization constant 0 00187), so that m a 0 01 n 
solution of forrmc acid (made by titration) there is a much higher 
concentration of hydrogen ions than m 0 01 n lactic acid and 
0 01 N lactic acid has a greater hydrogen ion concentration than 
0 01 N acetic acid Hence we should expect 0 01 n formic to show 
greater penetratmg power than 0 01 n lactic, and 0 01 n lactic 



THE ACIDITY OF PLANT CELLS AS SHOWN BY 
NATURAL INDICATORS 

By A R. HAAS 

(From the Laboratory of Plant Physiology, Harvard University, Cambridge ) 
(Received for publication, August 14, 1916 ) 

The importance of ascertaining the actual reaction of proto- 
plasm has become more and more evident vtoth the progress of 
investigation In view of this, the writer has endeavored to 
discover to what extent natural indicators, found m hvmg cells, 
can be utilized to deter mme their reaction 

The value of this method is due to the fact that mdicators 
show the actual rather than the total acidity, and it is the actual 
acidity which is of chief importance for life processes The writer 
has found’ that m plant cells there is no constant relation between 
the two 

The total acidity mcludes both the undissociated and the 
dissociated hydrogen ions, while the actual acidity depends only 
on the latter and is convemently designated by the P„+ numbers 
of Sorensen, which are the negative common logarithms of the 
numbers expressmg hydrogen ion concentration Thus if the 
hydrogen ion concentration is 1 X 10“’ ” n, the Pa+ number is 7 5 

Before descnbmg the results it may be of mterest to mention 
briefly some previous contributions to the subject 

It IS stated by Pfeffer* that the red color of rose petals beet roots, etc , 
indicates acidity, while the blue coloration of the bluebell and hjaeinth 
IS taken as an indication that these cells are neutral or slightly alkaline 
He also states that treatment of the cells with acid or alkab may change 
the reaction without at once killing the cells and that upon thorough 
washing, the color of the normal reaction returns Flowers of Pidmonaria 
have been observed to change from red to blue as they grow older indicat- 


1 Haas, A R , Bot Gax (in press) 

» Pfeifer, W . Osmotische Untersuchungen, 1877, 140, Vnlersuch Bot 
Inst TUbigsn, 1886, ii 293 
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Penneabihty of Living Cells 


BTJMMAHT 

1 Plant tissues containing natural indicators are admirably 
adapted for studying the penetration of acids and alkalies 

2 The relative rate of penetration of the hydrogen ion ra 
0 01 N solutions (made by titration) of acids and alkahes is practi- 
cally the same m the plants studied as that found by Harvey and 
Crozier for animals 

3 Very different results are obtamed when the solutions are 
made up with a hydrogen ion concentration of 0 01 n (by the use 
of the gas cham) We then find, for example, that acetic acid 
IS at the top instead of at the bottom of the senes (some other 
acids also change their position) This may be explamed in 
part by the dissociation of the acids concerned 
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Acidity of Plant Cells 

mg a change m the reaction Kraemer’ has succeeded m modifying the 
color of flowers by adding reagents to various kmds of soil (When cut 
flowers and plants were supphed with dyes or color substances, only a 
few were earned as high as the flower, indicating that only certain su 
stances could be taken up by the plant and exert an influence on the color 
mg matter m the flower ) Blue ohioory flowers have been observed y 
Kastle and Haden< to change from blue to white and finally to brow^ 
with practically complete destruction of the flower pigment, due m p 
to variations m acidity and m part to the oxidase action which complete y 
oxidises and destroys the flower pigment The red, blue, and color ea 
solutions of the blue chicory flower pigment were found to be acid to pheno 
phthalem and even the yellowish green solutions did not always give an 
alhalme reaction with phenolphthalem The color change of 
phthalem is, accordmg to Sdrensen’s table, colorless to red, Ph 
Ph'^10 0, which mdicates that a solution may still be colorless to pheno 
phthalem and be alkahne 

The expenments of the wnter were earned on with a vsnety 
of anthocyan pigments,® especially those of petals Buffer solu- 
tions from Ph'*' 1 to Ph'*' 13 were made up by means of the gas 
chain, so that the hydrogen ion concentration of each solution 
was accurately known Aqueous or alcohohe extracts of the 
pigments were made by rapidly maceratmg the petals m a mor- 
tar with the sohent The activity of eniymes m destroyi^ 
the pigments required that m many cases the buffers be handle 
rapidly The extracts were made as concentrated as possibe 
and to each buffer solution the same number of drops of the ex- 
tract of pigment was added The resultmg colors are given 
m the followmg tables Rapid decolonzation of the pigment is 
mdicated by a vertical hne Petals are used unless otherwise 
stated 

’ Kraemer H , Science, 1908, xxui, 699, 1909, xxix, 828 

< Kastle, J H , and Haden, B L , Am Chem J , 1911, xlvi, 316 

‘ It IB chiefly to Willstatter and his students that we owe our knowle ge 
of the nature of anthocjmn Willstatter, K , Ber chem Qee , 1916, 

2831, Ann Chem, 1914, cdvui, 1, Sxteungsber Akad Wise Berlin, 1 > 

xii, 402, Ann Chem , 1913, cdi, 189 See also Crocker, W , Bol “ > 
1916, ba, 349, and Wheldale, M , J Genetics, 1914, iv, 113, 1910-11, i, 134. 
Ptoc Roy Soc , Senes B , 1909, Ixxxi, 44, Proe Cambndge Phil Soc , 
1909, XV 
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The colors were observed under a hght of constant and excel- 
lent quahty from a recently described lamp ’ It was not con- 
sidered desirable to attempt a more accurate description of the 
colors because of the considerable degree of variation dependent 
upon the strength of the mdicator In radish the mdicatqr was 
very dilute so that shades of red varied to shades of pink Some 
petals, such as those of pansy and violet, contam very large 
amounts of anthocyan m comparison with others (such as hght 
blue hyacmth, Browallta speciosa, etc ) and m extracts of the 
former the colors observed with buffer solutions more nearly 
match the normal color of the cells from which the mdicator 
was extracted, as regards the mtensity of the color The num- 
ber of drops of mdicator and the number of cc of buffer solution 
used were always such that the results for a smgle mdicator are 
comparable at the various concentrations of hydrogen ion 

When crude extracts of the pigment are used, the mdicator 
often decolorizes so qmckly that it is necessary to filter as rapidly 
as possible (or the filtration may be omitted entirely if necessary) 
When extracts were somewhat purified the mdicator remamed 
more stable, even for long periods, which may mdicate that m 
crude extracts the decolorization may be due (m part at least) 
to the action of enzymes Some mdicators when added to buffer 
solutions of hydrogen ion concentrations m the region of Pa+ 4 
to Pg+ 6 rapidly decolorize, but upon the addition of very 
strong acid m sufficient quantity, the color characteristic of the 
mdicator for acid solutions of Ph"^ 2 or 3 reappears This may 
mdicate that the colorless condition of the mdicator may be due 
to an isomerization of the mdicator or the formation of a leuko 
base 

The results showed very httle difference whether crude alcohohc 
or aqueous extracts of the mdicator were used It seemed very 
surprismg that cranberry juice mdicator at Pb+ 11 should give a 
pmk color, but a redetermmation of the buffer solution on the 
gas cham showed the previous determmation to be accurate, 
and when the mdicator was dried on paper it was shown that a 
drop of buffer solution of a strength of Pb+ 11 gave a pmk color 
Red beet jmce maj' be bluish red when sbghtly alkalme Hence 

• Luckicsh, M , Science, 1915, xlu, 764 
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In this connection the water has made observations on sei'eral 
tropical flowers {Bromdiaceae) which have a blue pigmented 
portion mergmg mto a red pigmented part In fresh material 
no cells were found to contam both red and blue colors unless 
the section became dned, m which case one end of the red cell 
became blue and the blue color progressed along the cell imtal 
all of the ceU was blue Fresh material showed cells containing 
red pigment to adjom cells contaimng blue pigment The fact 
that blue cells never became red mdicates that the blue pigment 
represents a decrease m the acidity of the cell sap At Ph+ 8 
the pigment extracted from both red and blue parts gave a bluish 
green coloration with buffer solutions, while at Ph'*' 9 the pig- 
ment extracts gave a green coloration with the buffer solutions 
It IS evident, therefore, that the blue color of a pigment is m- 
suffiaent as a critenon of the reaction of the cell unless the pig- 
ment IS first cahbrated by solutions of known hydrogen ion con- 
centration 


SUMMABT 

1 In view of the widely accepted idea that the reaction of 
hvmg cells must be neutral or nearly so m order that life may go 
on m a normal manner, it is of mterest to find normal cells m 
which the reaction of the cell sap is decidedly acid (Pb+ 3) 

2 The prevailmg opmion that the blue color of hvmg cells 
always mdicates an alkahne reaction is erroneous It is found 
to mdicate a decidedly acid (Pb"'' 3) to neutral reaction (Ph+ 7), or 
sometimes barely alkaline (Ph'*' 7 to 8) 

3 A considerable change of reaction may occur m the cell 
as it dies (from Pb'*’ 3 to Pb"*" 7) 
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the pigments of some plant cells (when the mdicator is used 
tn vitro) may assume a more or less reddish color when alkaline. 

It IS evident from a consideration of the results that the re- 
action of the cells studied ranges from about Ph+ 3 to about Ph"*" 8 
In a number of cases the color of the flower changes as the 
flower fades, thus mdicatmg a change m reaction which accom- 
pames the death of the cells When BrowaUia petals are just 
expanded they are blue, but when past their maturity they may 
become somewhat blue-green m certam parts Primula obcontca 
at flrst has pmk petals but later the color changes to a blue and 
th^ may become white In comparison with Primula obcontca 
it is well to consider Primula chtnensis The petals of Primula 
chinensts are normally red but later become blue, which color 
IS permanent This blue color results similarly when the petals 
are removed while red and are placed m a desiccator 

These two Primula flowers, by the change of color in the jietal 
cells, show a decrease m acidity when the cells become old or 
die The data further mdicate that the cells of Primula chtnermt 
are stdl very slightly acid when the cells die Such small amounts 
of acid cannot be detected by ordmary titration methods If we 
call the buflter solutions acid up to Pa"*" 7, neutral when atPn''' 7, 
and alkalme when higher than Ph+ 7, it is evident from the ex- 
periments that it IS unsafe to call cell sap acid when red, neutral 
or alkahne when blue, and markedly alkahne when green, un- 
less the color changes of the particular pigment are first studied 
by some method such as that of usmg buffer solutions of known 
hydrogen ion concentration ^ 

Mann considered that the coloration of the anthocyan m the 
seed coat of cow-peas* mdicated acid when rose or purple 
and alkali when blue or black, and that both the alkalme- 
and the acid-reactmg anthocyamne may occur m the same cell 
The writer was imable to find m nucrotome and hand sections 
of cow-peas (of different colors), fresh from immature and mature 
pods, any cases where the same cell contamed both red and blue 
pigments before drymg The cells were mounted both dry and 
m water It may be added that if the color comes out in water 
it indicates that the cells are dead 

I Crozier, W J , J Biol Chem , 1916, vxiv, 443 
• Mann A , J Agnc Research, 1914 u, 39 
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While it IS common knowledge that bile possesses very decided 
toxic properties, the hterature on this subject leaves much to be 
desired m regard to the nature and mode of action of the active 
constituents The substances which have been accredited as 
responsible for the toxicity are accordmgly (1) the bile salts, 
sodium glycocholate and sodium taurocholate, (2) cholesterol, 
(3) bile pigments, and (4) leeithm The possibihty cannot be 
overlooked that the various groups of mvestigators, though ap- 
parently reporting conflicting results, are yet partially correct, 
dependmg upon the cntena used for their mterpretations It is 
quite probable that the different constituents of bile may act 
upon ^e various body structures quite differently, and thus be 
responsible for the diversity of opmion as to which is and which 
IB not the toxic constituent 

It has long been known that bile and bile salts have a power- 
ful cytolytic action (Rywosch (1) ) though the mechanism of 
this action does not appear, to my knowledge, to have been 
clearly defined It is with such a problem that this paper is 
concerned 

Small blocks of various organs were taken as soon as possible 
after kiHmg an animal, placed m the freshly withdrawn bile, 
then allowed to stand m the mcubator at 38°C from 2 to 4 hours 
The bile was then poured off, and the tissues fixed m Zenker's 
solution Sections were prepared m paraffin and stamed with 
hematoxylm and eosm There is found to have occurred a 
very marked alteration at the periphery of the tissues, while 
the central portions are imchanged In the pienpheral margins, 
the nuclei have lost their capacity for stainmg with hematonylm, 
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post mortem are those that are most affected by bde salts, namely, in 
order, adrenal, spleen, liver, thyroid, heart muscle, smooth muscle, volun- 
tary muscle, and lastly, connective tissue, which is not affected 

Each block of tissue presents its own control, since the interior 
IS unaltered, though under the same temperature influence 
However, separate controls were studied m Rmger solution, m 
chloroform-Rmger, and m serum In none of these instances 
did there occur the shghtest evidence of autolysis durmg the tune 
of mcubation, 2 to 4 hours In serum and alkaline Rmger solu- 
tions no autol}^ could be expected, smce serum (5) is known 
to be protective agamst autolysis and against hemolysis of eryth- 
rocytes, and alkahes (6) are also known to inhibit autolj'sis 
Accordmg to some mvestigators chloroform-Rmger (7) should 
have given positive evidence of autolysis, but these authors 
allowed a longer duration of autolysis than that used m my bile 
experiments Hence, while chloroform may be a real accelera- 
tor of autolysis, it is extremely weak compared to bile or bde 
salts The same is true for acid solutions (8) which have been 
found to accelerate autolysis, but they are also extremely weak 
compared to bde action As an illustration of this, on compari- 
son of the effect of 5 per cent bde m Rmger solution on a specimen 
of fresh th3T:oid gland it was found to be very much greater than 
the effect of 0 05 n or 0 025 N HCl on another specunen of thyroid 
gland It will be recalled that the optimum concentration of acid 
for autoIjTsis (Bradley (8) ) is near 0 05 N acid I have repeat- 
edly found that dduted bde is considerably less active than whole 
bde Whde I cannot say, from the criterion employed, that 5 
per cent bde is one-twentieth as active as whole bde, yet the 
effect of the optimum concentration of acid is very much below 
this 5 per cent bde, consequently the differences m activity are 
m aU probabihty greater than the rough estimate I have given 
End-pomts are not readdy determmable by this techmque, 
consequently only alterations m coagulable proteins that are 
subject to morphological differentiation as occurrmg m cell 
structures are used as criteria of rate and degree of autolysis 
In order to ascertam, if possible, the relative importance of 
the constituents of bde, some analytic experiments were earned 
out Gall bladder bde is known to vary considerably in its 
quantitative relations, consequently it was deemed advisable 
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even losing all evidence of their former position or form The 
cytoplasm takes the eosm stam, but most penpherally becomes 
pale or even disappears altogether, leavmg merely the support- 
mg connective tissues Within, the nuclei are pyknotic, fonnmg 
a narrow zone of dense blackened nuclei just without the central, 
normally appearmg, unaffected area 

The depth of the changed cortical area depends upon several 
factors These factors appear to be the penetration of the cytoly- 
tic agent, the character of the tissue, and the alteration produced 
in the affected zone In regard to actual depth of action, it may 
be stated that nuclei m several specimens of senes runmng for 4 
hours had completely disappeared throughout m tissues 0 3 to 
0 4 cm in diameter Consequently I lost noany specimens be- 
cause they were too thm, or were left too long m the mcubator, 
before I was fully aware of the rapidity of the reaction 
The question then arose, what is the significance of this marked 
cell change? It is generally stated that bile or its salts have m 
themselves no digestive action, except perhaps a shght action 
on carbohydrates, but here is evidence of marked alteration, 
even of protem material If the cytolytic action is a solvent 
process, it should act upon fibrm and other pure proteins, which 
it does not do The reasonable explanation appeared to be 
that the autolytic processes of protoplasm are markedly acceler- 
ated by bile or certam of its constituents, and consequently it 
was found that no alteration could be demonstrated m the tis- 
sues, if previously to mcubation m the bile they were killed by 
immersion for a mmute m bodmg water This condition obviously 
IS now comparable to the negative results obtamed on precipi- 
tated protems Here the conditions necessary for autolytic 
processes are destroyed and hence the bile cannot exert its cyto- 
lytic action Further evidence of this view of the action of bile 
IS obtained m the foUowmg experiment 


Tissues were immersed m bile, and placed, respectively, m the incubator 
at 38°C , on the laboratory table at 26°C , and m the ice box, at 0 C 
After 2J hours the tissues were dropped into Zenker’s flmd and finally 
sectioned On examination it was found that practically no action ha 
occurred in the cold specimen, considerable in that at 26°C , and most 
in that kept at the optimum temperature of 38°C This follows the law 
of enzyme notion with respect to the influence of temperature Further 
evidence of autolysis is the fact that those tissues most rapidly nutoljsmg 
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post mortem are those that are moat affected by bile salts, namely, m 
order, adrenal, spleen, Uver, thyroid, heart muscle, smooth muscle, volun- 
tary muscle, and lastly, connective tissue, which is not affected 

Each block of tissue presents its own control, since the interior 
IS unaltered, though under the same temperature influence 
However, separate controls were studied m Rmger solution, in 
chloroform-Emger, and m serum In none of these instances 
did there occur the shghtest evidence of autolj'sis durmg the tune 
of mcubation, 2 to 4 hours In serum and alkahne Binger solu- 
tions no autolj'sis could be expected, smce serum (5) is known 
to be protective against autolysis and against hemolysis of eryth- 
roc 3 des, and alkahes (6) are also known to inhibit autol 3 'Sis 
Accordmg to some mvestigators chloroform-Emger (7) should 
have given positive evidence of autolysis, but these authors 
allowed a longer duration of autolysis than that used m my bile 
experiments Hence, while chloroform may be a real accelera- 
tor of autolysis, it is extremely weak compared to bile or bile 
salts The same is true for acid solutions (8) which have been 
found to accelerate autolysis, but they are also extremely weak 
compared to bile action As an illustration of this, on compan- 
son of the effect of 5 per cent bile m Emger solution on a specimen 
of fresh thjTOid gland it was found to be very much greater than 
the effect of 0 05 n or 0 025 n HCl on another specimen of thyroid 
gland It will be recalled that the optimum concentration of acid 
for autolysis (Bradley (8) ) is near 0 05 n acid I have repeat- 
edlj’- found that diluted bile is considerably less active than whole 
bile While I cannot say, from the criterion employed, that 5 
per cent bile is one-twentieth as active as whole bde, yet the 
effect of the optimum concentration of acid is very much below 
this 5 per cent bile, consequently the differences m activity are 
m all probabihty greater than the rough estimate I have given 
End-pomts are not readily determmable by this techmque, 
consequently only alterations m coagulable proteins that are 
subject to morphological differentiation as occurrmg m cell 
structures are used as criteria of rate and degree of autolysis 
In order to ascertam, if possible, the relative importance of 
the constituents of bile, some analytic experiments were earned 
out Gall bladder bile is known to vary considerably m its 
quantitative relations, consequently it was deemed advisable 
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even losing all evidence of their former position or form The 
cytoplasm takes the eosm stam, but most penpherally becomes 
pale or even disappears altogether, leavmg merely the support- 
mg connective tissues Within, the nuclei are pyknotic, formmg 
a narrow zone of dense blackened nuclei just without the central, 
normally appearmg, unaffected area 

The depth of the changed cortical area depends upon several 
factors These factors appear to be the penetration of the cytoly- 
tic agent, the character of the tissue, and the alteration produced 
m the affected zone In regard to actual depth of action, it may 
be stated that nuclei m several specimens of senes r unn i n g for 4 
hours had completely disappeared throughout m tissues 0 3 to 
0 4 cm m diameter Consequently I lost many specimens be- 
cause they were too thm, or were left too long m the mcubator, 
before I was fully aware of the rapidity of the reaction 

The question then arose, what is the significance of this marked 
cell change? It is generally stated that bile or its salts have in 
themselves no digestive action, except perhaps a shght action 
on carbohydrates, but here is evidence of marked alteration, 
even of protem material If the cytolytic action is a solvent 
process, it should act upon fibrm and other pure proteins, which 
it does not do The reasonable explanation appeared to be 
that the autolytic processes of protoplasm are markedly acceler- 
ated by bile or certam of its constituents, and consequently it 
was found that no alteration could be demonstrated m the tis- 
sues, if previously to incubation m the bde they were krUed by 
immersion for a mmute m boihng water This condition obviously 
IS now comparable to the negative results obtained on precipi- 
tated protems Here the conditions necessary for autolytic 
processes are destroyed and hence the bile cannot exert its 
lytic action Further evidence of this view of the action of hi 
IS obtained m the followmg experiment 

Tissues were imm ersed in bile, and placed, respectively, m the incutotor 
at 38°C , on the laboratory table at 25°C , and in the loe box, at 
After 2i hours the tissues were dropped into Zenker’s fluid and fina y 
sectioned On examination it was found that practically no action 
occurred in the cold specimen, considerable in that at 25°C , and m 
m that kept at the optimum temperature of SS'C This follows t ® ^ 

of eniyme action with respect to the influence of temperature ur ® 
evidence of autolysis is the fact that those tissues most rapidlv auto y*i 
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post mortem are those that are most affected bj bde salts, namely, in 
order, adrenal, spleen, bver, thyroid, heart muscle, smooth muscle, volun- 
tary muscle, and lastly, connective tissue, ivhich is not affected 

Each block of tissue presents its own control, since the interior 
IS unaltered, though under the same temperature influence 
However, separate controls were studied m Ringer solution, m 
chloroform-Rmger, and m serum In none of these instances 
did there occur the shghtest evidence of autolysis durmg the time 
of mcubataon, 2 to 4 hours In serum and alkaline Rmger solu- 
tions no autolysis could be expected, smce serum (5) is known 
to be protective against autolysis and against hemolysis of eryth- 
rocytes, and alkahes (6) are also known to inhibit autolysis 
Accordmg to some mvestigators chloroform-Rmger (7) should 
have given positive evidence of autolysis, but these authors 
allowed a longer duration of autolysis than that used m my bde 
experiments Hence, while chloroform may be a real accelera- 
tor of autolysis, it is extremel}' weak compared to bde or bde 
salts The same is true for acid solutions (8) which have been 
found to accelerate autolysis, but they are also extremely weak 
compared to bde action. As an illustration of this, on compari- 
son of the effect of 5 per cent bde m Rmger solution on a specimen 
of fresh thyroid gland it was found to be very much greater than 
the effect of 0 05 K or 0 025 x HCl on another specimen of thyroid 
gland It will be recalled that the optimum concentration of acid 
for autolysis (Bradley (8) ) is near 0 05 k acid I have repeat- 
ed!} found that diluted bde is considerably less active than whole 
bile "Wilde I cannot say, from the criterion emplo}-ed, that 5 
per cent bde is one-twentieth as active as whole bde, yet the 
effect of the optimum concentration of acid is very much below 
this 5 per cent bde, consequently the differences m activity are 
m all probability greater than the rough estunate I have given. 

End-pomts are not readdy determinable by this techmque, 
consequently only alterations in coagulable proteins that are 
subject to morphological differentiation as occumng m cell 
structures are used as criteria of rate and degree of autol}-sis 

In order to ascertam, if possible, the relative importance of 
the constituents of bde, some anal}-tic experiments were earned 
out Gall bladder bde is known to vary considerably m its 
quantitative relations, consequently it was deemed advisable 
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to determine the amoimt of bile salts in a particiilar sample of 
bile and then make up solutions of commercial bile salts to the 
corresponding concentration 

Sheep bile was obtained fresh from a near-by abattoir A portion was 
placed in the ice box till analysis and special treatment of the other por- 
tions were completed On analysis, according to the method given by 
Hoppe-Seyler (9), this specimen of bile was found to contam 10 44 per cent 
of bile salts This figure was used as a basis of subsequent preparations 
m this experiment 

To a third portion an equal volume of animal charcoal was added 
and it was then evaporated to near dryness over the water bath This 
was extracted repeatedly with alcohol and each extraction filtered The 
pale yellow extract was then evaporated to dr 3 Tiess over the water bath 
when the residue was taken up by distilled water By this means, most 
of the pigment and all of the mucm were removed 

For autolytic tests, all solutions, unaltered bile, decolonzed 
mucm-free bile, and solutions of sodium glycocholate and of 
sodium tauTocholate were made up to 40 per cent of the original 
concentration as determmed Thus whole bile was made up 
to 40 per cent, as was the decolonzed mucm-free bile Sodium 
glycocholate' was made up to 40 per cent of the origmal salt 
concentration of bile, which made a 4 18 per cent solution The 
sodium taurocholate' was marked “47 5 per cent,” consequently 
sufficient salt was weighed out to make a 4 18 per cent solution 
Thus I was able to compare the action of equally concentrated 
solutions of bde, of decolorized mucm-free bile, sodium glycochol- 
ate, and sodium taurocholate 

Approximately equal sized portions of absolutely fresh rabbit 
hver were placed m each of the four solutions and mcubated 
at 38°C for 2 hours The tissues were then killed by Zenker’s 
fixative 

The least penetiation, as measured by the position of the zone 
of pyknotic nuclei, occurred m the specimen m sodium glycocholate, 
though the cytoplasm of the margmal cells had undergone con- 
siderable solution Sodium taurocholate penetrated to a greater 
depth, equal to that of bile solutions, but no solution of cyto- 
plasm appears to have occurred The decolonzed mucm-free 
bile was practically similar m action to the solution of sodium 
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taurocholate, while the greatest amount of solution of cytoplasm 
occurred m the specimen immersed m imaltered bile 

In this experiment it is found that whole bile has a total ac- 
tivity greater than that produced by corresponding concentra- 
tions of the bile salts* taken separately It is also greater than 
that of bile treated with animal charcoal and alcohol The 
character of the active constituents lost by this process I have 
not determmed The statement can be made, however, that 
whole bde contains a mixture of active constituents whose total 
activity IS not equaled by bde treated with animal charcoal and 
alcohol, nor by corresponding concentrations of separate solutions 
of either of the bde salts Further, the two bde salts appear to 
behave somewhat differently, the sodium glycocholate havmg 
the greater solvent effect on cytoplasm This may be taken to 
indicate a degree of specificity of particular accelerators for auto- 
lytic processes 

No precautions were taken to prevent bactenal action The 
reaction is much too rapid to be ascribed to bactenal decompo- 
sition smce m control experiments without bde no comparable 
changes are produced SeUards (5) found necrosis to occur m 
the salivary glands m the hvmg animal when mjected aseptically 
with bde or bde salts, and furthermore, the results of the experi- 
ments of Buntmg and Brown (11) on necrosis foUowmg mtra- 
pentoneal mjections of bde are not likely to be explamed by 
bacterial contammation Bodmg the bde previous to its apphca- 
tion to tissues does not diminish its activity, whde no evidence 
of activity IS foimd when boded tissue is treated with imboded 
bde 

The conclusions drawn from the work here presented are the 
followmg 

1 Bde IS a powerful cytolytic agent 

2 This cytolysis is produced by virtue of the co-enzyme or 
activating action of the constituents of bde on the autolytic 
enzymes or processes 

* According to Long and Johnson (10) the various commercial prepara- 
tions of bile salts are subject to rather wide variations in actual concen- 
tration of the pure bile salts, consequently the comparisons will necessarily 
be held m some reserve 
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3 Whole bile is more powerful though less penetratuig than 
corresponding concentrations of either of the bile salts 

4 Bile boiled down with animal charcoal and treated with 
alcohol has lost a portion of its activity 

5 The maximum effects of bile or bUe salts are many tunes 
greater than the effects of the optimum concentration of acids 

6 Sodium glycocholate appears to affect cytoplasmic material 
more than does sodium taurocholate, though both affect nuclear 
material about equally 

7 These facts, correspondmgly, have to be considered m any 
study of the toxicity of bde, and may center attention on alter- 
ations m cellular metabolism produced m such mtoxications, and 
furthermore, this agent may be of service m the study of the 
fundamental factors of autolysiB 
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This study of the rate of excretion of urea administered to 
yoimg healthy adults who were on a constant diet was earned 
through in order to obtain detailed information as to the range 
of variation m the function of the normal kidney under uniform 
conditions The work of Schlayer and others on water and 
chlonde excretion by the kidneys has been mterpreted as mdi- 
cative of a wide vanabihty m kidney action even under the same 
conditions This vanation is assumed to arise from the incon- 
stancy of what IS termed the Reizzustand of the organ On the 
other hand, Ambard beheves that the kidney manifests no m- 
timsic vanabihty m function He mamtains that if the con- 
centration m the blood and m the unne of the substance excreted 
is known, the action of the normal kidney may always be pre- 
dicted with mathematical accuracy 

We have found in the literature only two single esperunents in which 
the rate of urea excretion after urea administration has been determined 
in in an by dependable methods Wolf" and Cathcart and Green’ state 
that urea taken by mouth is quantitatively excreted within 24 to 48 hours, 
and Wolf showed that the rate of excretion was greatest m the first few 
hours after the mgestion of the urea 

Achard and Paisseau,’ McCaskey,* and Pirondim’ showed that results 
which were of value m the detection of functional abnormalities m renal 
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3 Whole bile is more powerful though less penetrating than 
corresponding concentrations of either of the bile salts 

4 Bile boiled down with animal charcoal and treated with 
alcohol has lost a portion of its activity 

6 The maximum effects of bile or bile salts are many tunes 
greater than the effects of the optuniun concentration of acids 

6 Sodium glycocholate appears to affect C 3 dnplasmic material 
more than does sodium taurocholate, though both affect nuclear 
material about equally 

7 These facts, correspondmgly, have to be considered m any 
study of the toxicity of bile, and may center attention on alter- 
ations m cellular metabolism produced m such mtoxications, and 
furthermore, this agent may be of service m the study of the 
fundamental factors of autolysis 
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This study of the rate of excretion of urea administered to 
young healthy adults who were on a constant diet was earned 
through m order to obtam detailed information as to the range 
of variation in the function of the normal kidney under uniform 
conditions The work of Schlayer and others on water and 
chlonde excretion by the kidneys has been mterpreted as mdi- 
cative of a wide vanabdity m kidney action even under the same 
conditions This variation is assumed to arise from the mcon- 
stancy of what is termed the Retzzusiand of the organ On the 
other hand, Ambard beheves that the kidney manifests no m- 
trmsic vanabdity m function He mamtams that if the con- 
centration m the blood and m the urme of the substance excreted 
IS known, the action of the normal kidney may always be pre- 
dicted with mathematical accuracy 

We have found m the hterature only two single experunents in which 
the rate of urea excretion after urea administration has been detemuned 
m man by dependable methods Wolf* and Cathcart and Green’ state 
that urea taken by mouth is quantitatively excreted withm 24 to 48 hours, 
and Wolf showed that the rate of excretion was greatest m the first few 
hours after the ingestion of the urea 

Achard and Paisseau,’ McCaakey,* and Pirondim* showed that results 
which were of value m the detection of functional abnormabtiea m renal 


* Wolf, C G L , Biochcm Z , 1912, xl, 234 

’ Cathcart, E. P , and Green, H H , Biochem J , 1913, vu, 1 
’ Achard, C , and Paisseau, G , Compt rend Soc btol , 1904, In, 894 

* McCaskey, G W , Med Sec , 1914, Ixxxv, 607 

* Pirondini, E , Pohclinico Sez Chir , 1915, xni, 259, 326, 39S 
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disease may be obtamed even when the unreliable hypobromite method of 
urea estimation is used 

The general plan we adopted was to measure the rate of excre- 
tion durmg a fore-period of 3 days, and dunng a period of 3 
successive days on which 20 or 40 gm of urea were administered 
The unne was collected every 4 hours dunng the day, and a 12 
hour collection was made at night 

The subjects of these experiments were mstructors, mtemes, 
and students The ages were between 20 and 35 years All 
were m apparent health 

Methods of Urea Estimation 

We had already plaimed and commenced this work, usmg Folm and Far- 
mer's microohemical methods of mtrogen determination m the blood and 
unne, before Marshall’s descnption* of the urease method appeared But 
after we had confirmed the accuracy of his method we used it exolusively, 
both for unne and blood analyses It is unnecessary to give any of our 
figures in substantiation of the soundness of the principle of the method, 
smce this has already been amply established But we had to discard 
our earliest results until we had adopted the two followmg modifications 
m workmg with unne 

1 At first we used 10 per cent thymol in chloroform as a preservative 
for the unne We noted occasionally that the amount of urea found was 
less than the expected quantity, m spite of the fact that duphcate estima- 
tions checked perfectly These were always oases m which the unne was 
alkaline in reaction Part of the urea had already been converted mto 
ammonium carbonate In any neutral or alkabne unne this change takes 
place with great rapidity, at least in any laboratory where unne is a ma- 
terial which IS commonly worked with It is due to the action of urease- 
contammg organisms The usual unnary preservatives, such as thymol, 
chloroform, and toluene, all of which we tned, are not always able to 
prevent their action Acting on Armstrong and Horton’s^ findmg, that the 
action of urease is absolutely inhibited by any concentration of H ions 
much above that found at the neutral point for htmus, we thereafter had 
the unne passed directly into vessels contaming 20 cc of n HjSOj for each 
4 hour collection Except in the ease of patients with an infection of 
the urinary passages, in which some ureaae-producmg organism is present 
which decomposes the urme before it leaves the bladder, we have never 
since then had any trouble from this cause 


• Marshall, E K , Jr , / Biol Chem , 1913, xiv, 283 
1 Armstrong, H E , and Horton, E , Proc Roy Soc , 1912, Ittttv. 109 
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2 Another verj necessary modification is the neutralisation of the 
unne before adding the urease extract Some urmes are sufficiently acid 
to destroy such a considerable part of the ferment before it can commence 
to form ammomum carbonate that the urea present is not completely 
converted We discovered this early in our work, since we had adopted 
the plan of runnmg duplicate estimations to one of which a known amount 
of urea was added An incomplete recovery of this urea, when a cor- 
responding quantitj of urea m water was completely accounted for, could 
not be due to anything but some inhibitory substance in the urme This 
inhibition only occurred with acid urmes and was completel} removed 
by bnnging the unne to the neutral pomt for rosolic acid This mdi- 
cator was chosen, smce it changes color just about the pomt of absolute 
neutrality 

All the estimations reported here were earned out after the adoption 
of these two precautions — ^the collection of the unne m n HiSO<, and its 
subsequent neutralisation to the neutral pomt for rosolic acid 

The details of the technique used for urme were as follows The speci- 
mens of unne were measured m graduated cylmders They were then 
poured into volumetnc flasks and diluted to the mark with water, so that 
about 10 cc of 0 1 ^ HCI would be required to neutralise the ammonium 
carbonate formed from 5 ce of urme This is accomplished by dilutmg 
the 4 hour specimens of the first 3 days to BOO co , and the mght unne to 
1,000 cc On the 4th, 5th, and 6th days when urea is taken, the 4 hour 
specimens were diluted to 1,000 cc and the mght specimen to 2,000 oc 
This high and nearly umform dilution makes the end-pomts much easier 
to recogmre 

6 cc of urme were pipetted from each specimen mto each of three flasks, 
and about 100 cc of distilled water and two drops of rosohe acid were added 
to each All were brought to a first famt red color by addmg the same 
amount of 0 1 n NaOH 2 cc of an aqueous extract of freshly powdered soy 
bean was pipetted mto two of the flasks, and after the addition of a few 
drops of toluene and a known quantity of urea to one, they were corked 
and left until the foUowmg day To the remammg flask, methyl orange 
was added and it was titrated at once with 0 1 n HGl until the first tmge 
of pmk developed after the disappearance of the red color due to the rosohe 
acid The amount of 0 1 n HCI required was noted, and to it was added 
the acid required to bring 2 cc of the urease extract m 100 cc of water 
to the same color Next mommg, using the same mdicator, the two fer- 
mented flasks were titrated to the neutral pomt with 0 1 kHCI The acid 
was run m qmcklj until the red of the rosohe acid had disappeared There- 
after it was added slowly, watching for the appearance of a cloudmess 
which results from the precipitation of some substance m the soy bean 
extract This occurs just before the end-pomt is reached and tends to 
obscure it somewhat We found that we were helped in deciding as to 
the exact end-pomt if we observed the color of an added drop of methyl 
orange before it diffused through the fluid A deep reddish brown color 
IS given if sufficient acid has already been added The flasks should not 



252 


Rate of Urea Excretion II 


be employed for any other purpose Even sbght traces of silver or cop- 
per salts interfere markedly with the action of the ferment Solutions of 
urea of known concentration prepared from urea punfied by repeated 
crystalbzation were estimated each day to check the activity of the soy 
bean extract 

The Diet 

The diet was constant as regards mtrogen, but provision was made 
for some degree of elasticity in the amount of carbohydrate taken Each 
meal was well within the capacity of a moderate appetite After it was 
finished a nitrogen-free cornstarch paste was served When taken with 
a spoonful of jam and the small amount of cream which was provided, 
this made a pleasant dessert If the subject were not hungry he could 
leave it out, taking only the cream, and if he happened to be hungry he 
could take it all As a matter of fact all the subjects took some of this 
cornstarch, and nearly all of them took it all, so that the variation in 
water mtake from this cause was not great 

The meals at 8 ami ,4pm, and 8pm, were similar and consisted of 
one egg, 60 gm of bread, 10 gm of butter, and 5 gm of cocoa mixed with 
240 cc of milk. The 12, noon, meal contained 150 co of Campbell’s tomato 
soup, neutrahzed with NaHCOj, and heated with an equal quantity of 
milk, 60 gm of bread, 10 gm of butter, 60 gm of potatoes, and one egg 
180 CO of water were taken with this meal, and this was the only water 
allowed, as such A little NaCI was given with the egg 

The total water content of the diet (mcluding the 180 co of water and 
the water m the cornstarch) was about 1,710 co The protein content 
was 76 9 gm , the fat 120 gm , and the carbohydrate 220 gm , mcludmg the 
cornstarch 

We are much mdebted to Miss Sloan, the dietitian of the Stanford 
Medical School, for the care she took m weighmg and prepormg this food 


The Total Urea Excretion 

In Table I, the averages and limits of variation m the total 
urea excretion for each day of the diet are given These are 
compiled from the results obtamed m thirty individuals who 
took 20 gm of urea on the 4th, 5th, and 6th days of the diet 
The effect of the variable quantities of nitrogenous food taken 
before the diet was begun does not last beyond the 1st day of 
the diet In Table I, the averages for the 2nd and 3rd days are 
practically identical In cases to whom no urea was given, the 
average for the 2nd day did not differ appreciably from those 
of the subsequent days Thus m six subjects on the diet, who 
took no urea, the average 24 hour urea excretion for 6 successive 



T Addis and C K Watanabe 


253 


TABLE L 

Averages and Limits of Vanalton of the Total 84 Hour Urea 
Fore-penod 


Itt day 

2nd day 

1 3rd day 

Average. 

Highest 

Lowest- 

1 Average 

Highest. 

Lowest- 

Average. 

Highest 

Lowest 

17 40 

22 8 

12 9 

16 78 

10 2 

10 7 

15 45 

19 5 

9 4 


Urea penod 

20 gm of urea at 8 ajn each day 


4th day 

5th day 

6th day 

Average, 

HighesL 

Lowest, 

Average 

Highest, 

Lowest. 

Avenge 

Higbest. 

Lowest. 

32 27 

35 6 

28 1 

1 

34 37 

40 7 

30 0 

! 

34 63 

1 

40 5 

29 5 


days OB the diet amounted to 16 8, 15 7 , 16 9, 15 9, 14 9, and 
15 1 gm With the diet we used, therefore, an equihbnum is 
reached on an average withm 24 hours 
The averages dunng the urea period show that the 20 gm of 
urea administered are not quite completely excreted There 
18 a retention of a few gm of urea which can be accounted for 
if the diet is continued for another day without giving urea 
It 18 also noteworthy that there is a shght rise in the average 
excretion on each day dunng the urea penod 
The range of variation amounts to about 10 gm a day and is 
quite as large m the fore-penod as m the urea period The mam 
cause of this wide variation becomes apparent when the data 
are arranged m order of magmtude It is then seen that the 
higher values are denved throughout from one group of mdivid- 
uals, and the lower from another In Table 11 all the urea 
excreted while the diet was taken with the exception of the 
urea of the first day is given for each mdividual 
The range of variation m Table 11 is due to some subjects 
havmg on every day of the diet a higher urea excretion than others 
This explams the range of variation m Table I, for there the 
highest urea excretions for each day are denved almost without 
exception from the subjects BOi and Ad, who excreted more 
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be employed for any other purpose Even slight traces of silver or cop- 
per salts mterfere markedly with the action of the ferment Solutions of 
urea of known concentration prepared from urea purified by repeated 
crystalhzation were estimated each day to check the activity of the soy 
bean extract 

The Diet 

The diet was constant as regards nitrogen, but provision was made 
for some degree of elasticity m the amount of carbohydrate taken Each 
meal was well within the capacity of a moderate appetite After it was 
finished a nitrogen-free cornstarch paste was served When taken with 
a spoonful of jam and the small amount of cream which was provided, 
this made a pleasant dessert If the subject were not hungry he could 
leave it out, taking only the cream, and if he happened to be hungry he 
could take it all As a matter of fact all the subjects took some of this 
cornstarch, and nearly all of them took it all, so that the variation m 
water intake from this cause was not great 

The meals at 8 a m , 4 p m , and 8pm, were similar and consisted of 
one egg, 60 gm of bread, 10 gm of butter, and 6 gm of cocoa mixed with 
240 cc of milk The 12, noon, meal contamed 160 co of Campbell’s tomato 
soup, neutralized with NaHCOi, and heated with an equal quantity of 
milk, 60 gm of bread, 10 gm of butter, 60 gm of potatoes, and one egg 
180 co of water were taken with this meal, and this was the only water 
allowed, as such A little NaCl was given with the egg 

The total water content of the diet (including the 180 co of water and 
the water in the cornstarch) was about 1,710 oc The protein content 
was 76 9 gm , the fat 120 gm , and the carbohydrate 220 gm , inoludmg the 
cornstarch 

We are much mdebted to Miss Sloan, the dietitian of the Stanford 
Medical School, for the care she took m weighmg and prepanng this food 

The Total Urea Excretion 

In Table I, the averages and lumts of variation in the total 
urea excretion for each day of the diet are given These are 
compiled from the results obtamed m thirty mdividuals who 
took 20 gm of urea on the 4th, 5th, and 6th days of the diet 
The effect of the variable quantities of nitrogenous food taken 
before the diet was begun does not last beyond the 1st day of 
the diet In Table I, the averages for the 2nd and 3rd days are 
practically identical In cases to whom no urea was given, the 
average for the 2nd day did not differ appreciably from those 
of the subsequent days Thus m six subjects on the diet, who 
took no urea, the average 24 hour urea excretion for 6 successive 
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in excreting preformed urea This will be accomplished if we 
accept the average excretion of the 2nd and 3rd days of the fore- 
penod as a measure of the level of protem catabolism for each 
subject, and subtract this value from his urea excretion on the 
days when urea was given The difference gives the rate of 
excretion of the preformed urea which was given at the same 
time and m the same manner to all For convenience we have 
termed the results of this subtraction "administered urea excre- 
tion ” 

The Degree of Vanahon in the Rate of Excretion of Administered 

Urea 

In Table III the rate of excretion of administered urea thus 
calculated is given for each subject for each day of the urea 
penod along with the average excretion of each subject for that 
whole period The average excretion of the fore-penod is also 
given Each column is arranged m order of descendmg magm- 
tude, so that some idea of the degree of dispersion may be ob- 
tamed at a glance 

Before the significance of these figures m Table III as mdica- 
tive of functional variation m the work of the kidney can be 
appreciated, it is necessary to obtam some conception of the 
variation which might be mtroduced through the error m our 
method of calculatmg the amounts which we have termed adminis- 
tered urea excretion For, although by takmg the average 
excretion of the fore-penod as representmg the level of protem 
catabohsm and subtractmg it from the total excretion after urea 
administration, we have ehmmated an mconstant factor — ^the 
variable rate of protem catabolism m different mdividuals — 
wo cannot thus obtam a mathematically accurate representation 
of the rate of work of the kidney m excretmg the administered 
urea For there are not only differences m the rate of protem 
catabolism m different mdividuals, there are also smaller though 
not mconsiderable fluctuations from day to day m the same 
mdividual These mdividual variations are not taken accoimt 
of m our figures, smce they are obtamed by a method which as- 
sumes that the amount of urea obtamed on the 2nd an^ 3rd 
days of the diet remams constant m each mdividual throughout 
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TABLE n 

The Total Urea Excreted Excluding the 1st Day 
(Arranged m order of descending magnitude *) 


No 


Urea- 

No 

Sobjeot- 

Urea, 

No, 

Subject 

Urea. 

1 

1 Subject. 
Bo] 

ffm, 

148 5 

II 

G 

ffn 

137 8 

19 

Ai, 

(mu 

127 2 

2 

Ad 

142 9 

■9 

8, 

137 2 

20 

Boyi 

126 4 

3 

C 

140 8 

mm 


136 1 

21 

Br, 

126 3 

4 

Br. 

140 2 



134 9 

22 

B 

125 6 

6 

Wa 

138 9 

14 

J 

133 4 

23 

Add 

124 6 

6 

P. 

138 1 

16 

S, 

131 2 

24 

K, 

124 2 

7 

K. 

138 0 

16 

Pi 

130 7 

26 

We 

123 8 

8 

D 

138 0 

17 

Je 

127 8 

26 

All 

121 2 

9 

Boy, 

137 9 

18 

K, 

127 6 

27 

M 

110 4 


• The totals of Boi, O, and W cannot be given, smce one collection of 
unne was lost in each of these cases 


than 140 gm of urea in 5 daya, and the lowest urea excretions 
for each day come from the subject M, who excreted only 110 gm 
These constant differences m the level of urea excretion are 
certainly not to be ascnbed to correspondmg differences m the 
capacity of the kidneys of these subjects m excretmg urea If 
that were the case, the subject M would have had a high concen- 
tration of urea m his blood and tissues on account of very marked 
urea retention But as a matter of fact, the blood urea concen- 
tration of M on the 3rd and 6th days of the test was only 0 0166 
and 0 0558 per cent, while the blood of BOi on these days had a 
concentration of 0 0261 and 0 0672 per cent The subject M, 
who excreted the lowest amount of urea, had on the 3rd day 
of the diet the lowest blood concentration we have observed 
The cause of these different levels in urea excretion Les m the 
existence of different levels m the rate of protem catabolism 
Although M took as much protem as BO], he did not excrete so 
much urea, because m his case presumably the ammo-acids were 
m great part utihzed m protem synthesis In the case of BOi 
on the other hand, a much larger proportion was deammized, 
with the resultmg formation of larger amounts of urea 

The vanable factor mtroduced by the existence of these dif- 
ferent levels of protem catabolism m different mdividuals must 
be ehmmated if we wish to compare the work of their kidneys 
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m excreting preformed urea This will be accomplished if we 
accept the average excretion of the 2nd and 3rd days of the fore- 
penod as a measure of the level of protem catabolism for each 
subject, and subtract this value from his urea excretion on the 
days when urea was given The difference gives the rate of 
excretion of the preformed urea which was given at the same 
tune and in the same manner to all For convenience we have 
termed the results of this subtraction “administered urea excre- 
tion ” 

The Degree of Vanation in ike Rale of Excretion of Admimeiered 

Urea 

In Table in the rate of excretion of administered urea thus 
calculated is given for each subject for each day of the urea 
penod along with the average excretion of each subject for that 
whole period The average excretion of the fore-penod is also 
given Each column is arranged in order of descendmg magm- 
tude, so that some idea of the degree of dispersion may be ob- 
tained at a glance 

Before the significance of these figures m Table HI as mdica- 
tive of functional variation m the work of the kidney can be 
appreciated, it is necessarj^ to obtam some conception of the 
variation which might be mtroduced through the error m our 
method of calculatmg the amounts which we have termed adminis- 
tered urea excretion For, although by takmg the average 
excretion of the fore-penod as representmg the level of protem 
catabolism and subtractmg it from the total excretion after urea 
administration, we have e limina ted an mconstant factor — the 
variable rate of protem catabolism m different mdividuals — 
wc cannot thus obtam a mathematically accurate representation 
of the rate of work of the kidney m excretmg the administered 
urea For there are not onlj”^ differences m the rate of protem 
catabolism m different mdividuals, there are also smaller though 
not mconsiderable fluctuations from day to day m the same 
mdividual These mdividual variations are not taken account 
of m our figures, smce they are obtamed by a method which as- 
sumes that the amount of urea obtamed on the 2nd an& 3rd 
days of the diet remams constant m each mdividual throughout 
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TABLE n 

The Total Urea Excreted Excluding the 1st Dag 
(Aminged m order of descending magnitude *) 


No 

Subjeot 

Urea. 

No 

Subject 

Urea, 

No, 

Subject 

Urea. 

1 

Boi 

grru 

148 5 

■ 

G 

gm 

137 8 

19 

Aij 

grn 

127 2 

2 

Ad 

142 9 


8, 

137 2 

20 

Boyj 

126 4 

3 

C 

140 8 

■9 

F 

136 1 

21 

Br, 

126 3 

4 

Br. 

140 2 


Cr 

134 9 

22 

B 

125 6 

6 

Wa 

138 9 

14 

J 

133 4 

23 

Add 

124 6 

6 

Pj 

138 1 

16 

8. 

131 2 

24 

K, 

124 2 

7 

Ki 

138 0 

16 

Pi 

130 7 

25 

We 

123 8 

8 

D 

138 0 

17 

Je 

127 8 

26 

All 

121 2 

9 

Boyj 

137 9 

18 

K. 

127 6 

27 

M 



* The totals of Boj, O, and W cannot be given, since one collection of 
unne was lost m each of these cases 


than 140 gm of urea m 5 days, and the lowest urea excretions 
for each day come from the subject M, who excreted only 110 gm 
These constant differences m the level of urea excretion are 
certainly not to be ascnbed to correspondmg differences m the 
capacity of the kidneys of these subjects m excretmg urea If 
that were the case, the subject M would have had a high concen- 
tration of urea m his blood and tissues on account of very marked 
urea retention But as a matter of fact, the blood urea concen- 
tration of M on the 3rd and 6th days of the test was only 0 0166 
and 0 0558 per cent, while the blood of BOi on these days had a 
concentration of 0 0261 and 0 0672 per cent The subject M, 
who excreted the lowest amount of urea, had on the 3rd day 
of the diet the lowest blood concentration we have observed 
The cause of these different levels in urea excretion lies m the 
existence of different levels m the rate of protem catabolism 
Although M took as much protem as BOi, he did not excrete so 
much urea, because m his case presumably the ammo-acids were 
m great part utilized m protem synthesis In the case of BOi 
on the other hand, a much larger proportion was deammized, 
with the resultmg formation of larger amounts of urea 
The variable factor mtroduced by the existence of these dif- 
ferent levels of protem catabolism m different mdividuals must 
be ehmmated if we wish to compare the work of their kidneys 
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in excreting preformed urea This will be accomplished if we 
accept the average excretion of the 2nd and 3rd days of the fore- 
penod as a measure of the level of protem catabolism for each 
subject, and subtract this value from his urea excretion on the 
days when urea was given The difference gives the rate of 
excretion of the preformed urea which was given at the same 
time and m the same manner to all For convemence we have 
termed the results of this subtraction “administered urea excre- 
tion ” 

The Degree of Variation in the Rate of Excretion of Administered 

Urea 

In Table III the rate of excretion of administered urea thus 
calculated is given for each subject for each day of the urea 
penod along with the average excretion of each subject for that 
whole penod The average excretion of the fore-penod is also 
given Each column is arranged m order of descendmg magm- 
tude, so that some idea of the degree of dispersion may be ob- 
tamed at a glance 

Before the significance of these figures m Table III as mdica- 
tive of functional vanation m the work of the kidney can be 
appreciated, it is necessary to obtam some conception of the 
variation which might be mtroduced through the error m our 
method of calculatmg the amounts which we have termed admmis- 
tered urea excretion For, although by takmg the average 
excretion of the fore-penod as representmg the level of protem 
catabohsm and subtractmg it from the total excretion after urea 
administration, we have e limin ated an mconstant factor — the 
variable rate of protem catabolism m different mdividuals — 
we cannot thus obtam a mathematically accurate representation 
of the rate of work of the kidney m excretmg the administered 
urea For there are not only differences m the rate of protem 
catabolism m different mdinduals, there are also smaller though 
not mconsiderable fluctuations from day to day m the same 
mdividual These mdmdual variations are not taken account 
of m our figures, smce they are obtamed by a method which as- 
sumes that the amoimt of urea obtamed on the 2nd and 3rd 
days of the diet remams constant m each mdividual throughout 
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the 4th, 5th, and 6th days, whereas it is a umyersal expenence 
that even under the most constant conditions urea excretion 
does not remam absolutely uniform m any mdividual Fohn* 
for mstance foimd a variation of 5 6 to 8 1 gm of urea withm 
a few days m the same mdividual on his starch-cream diet 
A simple inspection of the arrangement of the subjects m Table 
m m the fore-penod as compared with the urea period strongly 
suggests that we have failed to measure accurately the rate of 
protem catabolism Those subjects who have the highest excre- 
tion m the fore-penod have very often the lowest excretion of 
administered urea, and vice versa It would seem that we have 
overestimated the rate of protem catabolism m some and under- 
estimated m others, an error which mtroduces a false vanabihty 
m the calculated rates of excretion of admmistered urea 

It is probable therefore that m reahty the rate of excretion 
of administered urea by the normal kidney has a greater uni- 
formity than that recorded by our figures, smce they are influenced 
not only by the possible vanabihty of kidney action, but also 
by the known vanabihty m each mdividual from day to day of 
all those extra-renal factors which are convemently grouped 
under the term “protem catabolism ” 

In order to obtain a conception of the true vanabihty of kidney 
function m deahng with administered urea, we must compare 
a group of subjects who took no urea with a group of those who 
did If it were found that there was a greater degree of varia- 
bility m the urea group, it would be permissible to ascnbe the 
mcrease m vanabihty to mconstancy m the rate of excretion of 
admmistered urea by the kidneys ® The difference m the van- 
abihty of the two groups would be a measure of the vanabihty 
of kidney function 

We accordmgly placed six subjects under the same conditions 
observed for the urea group recorded m Table HI, except that 
they took no urea Any differences between the mdividual 
averages of the 2nd and 3rd days and the amounts of urea ex- 
creted on the 4th, 5th, and 6th days, represent the extent by 

• Folin, O , U S Dept Agnc Report, 1911, xoiv, 233 

• It has been well established, contrary to what might have been ex- 
pected, that urea has no influence on protein metabolism (see Abderhalden, 

E , Z phystol Chem , 1916, xovi, 1) 



















TABLE lU 


AdminintartMi urea excreted after tte SngcatioB of 20 cm of urea calculated by subtracting the total 
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Adminl^ urea exc«t«l after the In^Uea of » gm of urea calculated by aebtracUa, the totaU 
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Fbch we would have overestimated or uuderestimated the 
unounts of “administered” urea excreted, if they had taken 
say These differences for each subject and for each period 
are detailed m Table IV m the same way as for the urea group 
When the average of the 2nd and 3rd days is exceeded, the dif- 
ference IS given as plus, when it is less, the difference is minus 
In companng the degree of vanabdity of the groups m Tables 
Hi and IV, the average deviation is a much better measure 
to employ than the simple range of variation, smce it takes all 
he variations mto account, and not only the most extreme The 
average deviation*® is the average of all the differences between 
he mdividual amoimts and the average amoimt for each group 
These differences are added without paymg attention to plus 
•r nunus signs, and the sum divided by the number of mdividuals 
n the group gives the average deviation 
These values are given at the foot of Tables III and IV 
t will be noted that there is no marked or constant differ- 
®ce m the variability of the two groups at any period The 
Host representative period of all is the average of the mdividual 
!4 hour excretion of the 4th, 5th, and 6th days The average 
ieviation for this penod m the urea group is 1 40, while it is 1 41 
or those who did not take urea 
Smce there is no appreciable difference m the degree of vana- 
)ihty of urea excretion between those who took urea and those 
vho did not, we may conclude that the vanabdity found in the 
alculated rate of excretion of administered urea may be ac- 
lounted for by the vanation m the rate of protem catabolism 
rom day to day m the same mdividual And although we can- 
lot positively assert that there is no vanabdity m the rate of 
accretion of administered urea** yet any vanabdity which may 
aost must be of shght extent — so sbght that we are not able to 
lemonstrate its existence 


■» Yule, G U , An Introduction to the Theorj of Statistics. London, 
1912, 144 

II Dr E S Kilgore, nho suggested the use of the average deviation in 
jomparing the variability of the groups with and without urea, also pointed 
jut that the "probable error” of these average deviations was such that 
some variability in the rate of excretion of administered urea could not be 
defimtelj excluded 
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This result appears to us to be of particular interest on l 
count of the widely prevalent conception of the essential van 
bihty of normal kidney function under supposedly consta 
conditions, a view which is derived from the work of Schlay 
and others 

I 

Thz Percentage of Admimstered Urea Excreted During Succesm 
Periods of the Hours 

\ 

After the mgestion of 20 gm of urea there is an almost m^ 
stantaneous mcrease m the urea concentration of the blood 
which contmues until a maximum is attamed about 2^ hours'_ 
later Thereafter there is some decrease, and there follows « 
throughout the remamder of the 24 hours a succession of fluctua- " 
tions at concentrations which all r emain above the level observed v 
before the urea was taken The total urea excretion is also • 
immediately mcreased, but there is no definite rise and fall from ' 
a maximum, and m general no close relationship is evident be- 
tween the urea concentration m the blood and the rate of urea 
excretion The rate of excretion is greatest durmg the first 8 
hours, and thereafter decreases and reaches its lowest level dur- 
mg the sleep of the mght This decrease, though m general 
constant, may show considerable fluctuations durmg short m- 
tervals These pomts are illustrated m the following protocol 
which records observations made on a subject who took 20 gm 
of urea at 8 a m while on the diet 
The rapidity of urea absorption is shown by the considerable 
mcrease m blood urea concentration as early as 10 minutes after 
the urea entered the stomach Thereafter the urea was entenng 
the blood more rapidly than it was leavmg it through the kid- 
neys and mto the tissues, so that for 2J hours at least the blood 
concentration was nsmg As the rate of tissue absorption and 
kidney excretion became greater than the rate of entry of urea 
mto the blood from the alimentary tract, the blood urea concen- 
tration gradually fell The subsequent fluctuation m blood 
urea concentration is not atjqiical, for we have made similar ob- 
servations m other cases It is mterestmg to note that the sharp 
nse m blood urea concentration is not duphcated m the curves 
of urea excretion or of unne concentration The greatest rate 
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TABI^ ^ 
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of 
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of urea excretion corresponds with the maximum volume of 
urme, not with the highest blood concentration 
The problems raised m connection with the relationship be- 
tween the rate of urea excretion and the blood urea concentra- 
tion will be dealt with in a subsequent commimication We refer 
to the blood here only to emphasize the fact which has alreadj 
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the day and night penods, and also during the first 8 hours of 
the day, the penod throughout which the maxunum rate of excre- 
tion IS found In Table VI these percentages are given for the 
individual average excretions of the 4th, 5th, and 6th days 

TABLE VI 

The Percenlage of the S4 How Excretion of Administered Urea Eliminated 
Dwnng Successive Penods of the 24 Hours 


(Calculated from the averages of the 4th, 6th, and 6th days) 


81ir».of d«y 
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In every case more than one-half of the 24 hour excretion of 
adnunistered urea appears durmg the first 8 hours, and there is 
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been demonstrated by Marshall and Davis, “ that administered 
urea is not heaped up m the blood, but exists for the greater 
part m the tissues and is gradually withdrawn from them for 
excretion by the kidneys But the relatively high degree of 
uniformity in the rate of passage of the administered urea through 
the kidneys is not apparent m the figures of the total urea excre- 
tion These figures show irregular fluctuations from hour to 
hour, due m the mam to the varymg rate of formation of urea from 
food and tissue protem By subtractmg the average total ex- 
cretion of the 2nd and 3rd days from the excretion of the urea 
penod, as has been done m determinmg the degree of vanabdity 
m the rate of excretion of administered urea, we elimmate the 
differences which exist between different subjects, although 
mdividual vanations will still prevent more than an approxima- 
tion bemg reached Nevertheless it would seem to be advisable 
to express the calculated rate of excretion of administered urea 
during different periods of the 24 hours m terms of a percentage 
of the 24 hour excretion of administered urea, because such an 
expression may prove of value as a standard of comparison in 
detectmg functional abnormalities of the kidney 
It has long been known that the amounts of the vanous con- 
stituents of the unne tend under normal conditions to be excreted 
m larger proportion durmg the day than durmg the mght, it has 
also been frequently observed that this relationship may be re- 
versed when the kidneys are diseased, so that the mght quanti- 
ties are greater than those of the day — a condition known clmi- 
cally as noctuna The current theory as to the reason for noc- 
turia imphes that it arises from an mability on the part of the 
kidneys to overtake all the extra work thrown on them durmg 
the day, so that part of the excretory products are retamed to 
be ehmmated durmg the night If this explanation be correct, 
our procedure should provide conditions for the revelation of 
any latent tendency m this direction, for it mvolves a marked 
and sudden call for mcreased work by the kidneys at the com- 
mencement of the day penod 

We have therefore worked out for each subject the percentage 
of the 24 hour excretion of administered urea ehmmated durmg 


» Marshall, E K , Jr , and Davis, DM,/ Biol CJusm , 1914, xviu, 63 
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the day and night penods, and also during the first 8 hours of 
the day, the period throughout -which the maximum rate of excre- 
tion IS found In Table these percentages are given for the 
mdi-vidual average excretions of the 4th, 5th, and 6th days 

TABUE VL 

The Percentage of the Si Hour Excretion of Administered Urea Eliminated 
During Successive Penods of the Si Hours 


(Calculated from the averages of the 4th, 5th, and 6th days) 
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In every case more than one-half of the 24 hour excretion of 
administered urea appears during the first 8 hours, and there is 
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been demonstrated by Marshall and Davis, “ that administered 
urea is not heaped up m the blood, but exists for the greater 
part m the tissues and is gradually withdrawn from them for 
excretion by the kidneys But the relatively high degree of 
uniformity m the rate of passage of the administered urea through 
the kidneys is not apparent m the figures of the total urea excre- 
tion These figures show irregular fluctuations from hour to 
hour, due m the mam to the varymg rate of formation of urea from 
food and tissue protem By subtractmg the average total ex- 
cretion of the 2nd and 3rd days from the excretion of the urea 
period, as has been done m detemumng the degree of vanabihty 
m the rate of excretion of administered urea, we ehmmate the 
differences which exist between different subjects, although 
mdividual variations will stdl prevent more than an approxima- 
tion bemg reached Nevertheless it would seem to be advisable 
to express the calculated rate of excretion of administered urea 
durmg different periods of the 24 hours m terms of a percentage 
of the 24 hour excretion of administered urea, because such an 
expression may prove of value as a standard of comparison m 
detectmg functional abnormahties of the kidney 

It has long been known that the amounts of the vanous con- 
stituents of the urme tend under normal conditions to be excreted 
m larger proportion durmg the day than durmg the mght, it has 
also been frequently observed that this relationship may be re- 
versed when the kidneys are diseased, so that the night quanti- 
ties are greater than those of the day — a condition known clini- 
cally as nocturia The current theory as to the reason for noc- 
tuna implies that it arises from an mabdity on the part of the 
kidneys to overtake all the extra work thrown on them durmg 
the day, so that part of the excretory products are retamed to 
be elimin ated durmg the night If this explanation be correct, 
our procediue should provide conditions for the revelation of 
any latent tendency m this chrection, for it mvolves a marked 
and sudden call for mcreased work by the kidneys at the com- 
mencement of the day period 

We have therefore worked out for each subject the percentage 
of the 24 hour excretion of adnunistered urea elmunated durmg 


II Marshall, E K , Jr , and Daws, D M , J Btol Chem , 1914, wn, 63 
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not more than about one-thu d at most excreted durmg the 12 
hours of night The average day excretion is more than three 
times greater than that of the mght 

The existence of a condition described as “kidney fatigue” 
has been hypothecated by some observers'* to ex-plam certain 
experimental results Whether this view is justified or not, we 
certamly have no evidence of any such condition m these expen- 
ments, although the addition of a heavy load on the work of 
the kidneys for 3 successive days might be expected to ehcit 
such a state On the contrary we find that the average percent- 
age excreted durmg the first 8 hours after urea admmistration 
increases shghtly, from 54 9 per cent on the 4th day, to 68 3 
per cent on the 5th day, to 59 3 per cent on the 6th day 
Urea taken by mouth by virtue of its extreme diffusibihty is 
quickly and evenly distributed throughout all the tissues of the 
body As the urea content of the blood is lowered by the secre- 
tory activity of the kidneys, the urea is gradually returned from 
the tissues to the blood, and is excreted The constancy m the 
rate of excretion of admmistered urea shows that there must be 
a relationship at any one period of the 24 hours between this 
rate of excretion and the amount of the administered urea still 
remainmg m the body The exact range of variation m tins 
relationship will of course not be exactly determinable because 
of the mdmdual variations m protem catabolism, but the aver- 
ages for the different periods should give a close approximation 
This relationship, expressed in the form of the percentages of 
the admmistered urea withm the body which were excreted at 
successive 4 hour mtervals during the day, is given m Table VII 
There seems to be a fairly constant relation between the rate 
of excretion and the amount of administered urea m the body 
The lowest percentages are found during the first 4 hours of 
each day This might have been ascribed to the fact that the 
20 gm of admmistered urea require some tune to be absorbed 
But this IS not a vahd explanation, for we know that at the 
very commencement of this period the blood urea concentration 

“ D’Amato, L , and Fagella, V , Z khn Med , 1911, Kxii, 474 Sclilajer, 

C Verhandl long tnn Med, 1912, 501 Mosenthal, H, and Schinjer 
C ' Dculsch Arch kUn Med , 1913, cxl, 217 Lindemann, Ergcbn Plnnwl , 
1914, xiT, 652 
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TABUS vn. 

The RelaUonshxp between the Average Amounts of Admintstered Urea Ex- 
creted During Successive 4 Sour Intervals after the Ingestion of SO Gm 
of Urea, and the Average Amounts of Administered 


Urea imthin the Body 

Day 

Period. 

1 Adniimstered area 

1 excreted in 4 
hoar periods 

Administered urea . 
in body at com- i 
mencement o f i 
each period. 

Percentage of the 
administered 
urea in the body 
which was ex- 
creted every 4 
hoars. 

4tli 

Sam -12 n 

4 82 

20 00 

24 


12 n -4 pan 

4 37 

15 18 

29 


4-8 p m 

3 23 

10 81 

30 

5th 

Sam -12 n 

5 64 

23 02 

24 


12 n -4 p m 

5 37 

17 38 

31 


4-8 p m 

3 38 

12 01 

28 

6th 

8 a tn -12 n 

6 01 

24 22 

25 


12 n — 4 p m 

5 23 

18 21 

28 


4-8 p m 

3 24 

12 88 

25 


rises rapidly to a level above that existmg during the remainder 
of the day, so that the mean blood urea concentration is higher 
for this penod than for any other One would therefore ex- 
pect that the largest instead of the lowest proportion of the ad- 
ministered urea m the body would have been ehmmated This 
IS a good example of the fact that there are conditions under which 
there is not always a direct relationship between the concen- 
tration of urea m the blood and the rate of urea excretion 

The Rate of Excretion of Administered Urea after the Ingestion 
of 40 Gm of Urea 

After the above data on the rate of urea excretion after the 
mgestion of 20 gm of urea had been accumulated, we proceeded 
to determme the effect of the administration of double that 
amount of urea 

Nme subjects took 40 gm of urea under the same conditions 
as before, except that the subjects Ki, Boj, Br, and Ca took the 
urea dissolved m 720 cc of water instead of 360 cc Unfortunately 
4 hour collections were not made durmg the fore-penod, so that 
we can only give the rate of excretion of administered urea for 
24 hour and 12 hour penods The results are given m Table 'lUII 
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The average deviations show that the rate of excretion of ad- 
ministered urea is quite as constant after 40 as after 20 gm 
The average percentage of the 24 hour excretion of administered 
urea eliminated durmg the day and night penods was 75 6 per 
cent for the day time and 24 4 per cent for the mght, as compared 
with 75 5 and 24 5 per cent after the mgestion of 20 gm of 
urea The ranges of variation were from 78 to 74 per cent for 
the day, and from 26 to 22 per cent for the mght 
The relationship between the rate of excretion of administered 
urea and the amount of administered urea witiun the body is 
also substantially the same After 40 gm of urea the percentage 
of the administered urea withm the body which was excreted 
durmg the 12 hours of the day was 64 per cent, whereas after 
20 gm of urea it was 61 per cent 
At the completion of the urea penod an average of 4.46 gm 
of the administered urea remamed withm the body when 40 gm 
of urea were taken The average amount after 20 gm was 4 96 
gm The retention of this urea is not to be ascribed to an mabil- 
ity on the part of the kidne 3 ^ to excrete it It is retamed be- 
cause it has never been brought to the kidneys for excretion 
It would be useless to attempt by givmg larger doses of urea 
to reach any absolute limit to the capacity of the normal kidney 
m excretmg urea smce no such limit exists for any dose of urea 
that it is possible to give As long as sufficient water is avail- 
able the rate of excretion will mcrease with every mcrease m 
the amoimt of urea mgested 

CONCLUSIONS 

1 In thirty-rune experiments on young healthy adults no evi- 
dence of vanabihty m kidney action could be obtamed m the 
work of excretmg preformed urea added to a constant diet Such 
variation as was found m the amounts of urea excreted could be 
fully accounted for as ansmg from extra-renal factors It is 
concluded therefore that the normal kidney imder constant 
conditions is characterized by the possession of a high degree of 
constancy of function 

2 The rate of excretion of the administered urea dunng suc- 
cessive penods of the 24 hours showed that the repetition of 
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THE VOLUME OF URINE IN YOUNG HEALTHY 
ADULTS ON A CONSTANT DIET 

By T ADDIS and C K WATANABE 

(From the Laboratory of the Medical Ditaston of Stanford University Medical 
School, San Franeteco ) 

(Received for publication, August 2, 1910 ) 

In the course of an investigation into the conditions controlling 
the rate of urea excretion, we have accumulated data m regard to 
the volume of unne of subjects on a constant water intake, which 
are of themselves of mterest as illustratmg the wide range of 
variation of this factor, and may further prove of value m defin- 
mg the limits beyond which a given volume of unne may prop- 
erly be regarded as abnormally large or small 

The diet has been detailed m the previous paper on the rate of 
urea excretion The total water content of the food and flmds 
was 1,710 cc This was mcreased to 2,070 cc on the last 3 days 
of the diet by the 360 cc of water m which the urea taken was 
dissolved A shght mequahty m water mtake was mtroduced m 
those few cases who did not always take all of the mtrogen-free 
cornstarch which was provided 

Table I gives the averages and hmits of variation m the vol- 
ume of unne m those twenty subjects who took 20 gm of urea 
under the above conditions 

It is evident from these figures that the volume of unne m any 
mdividual for any one day or part of a day is an extremely van- 
able quantity, m spite of constant water mtake But when the 
volumes of the 4th, 5th, and 6th days in each mdividual are avei- 
aged, the range of variation is greatly lessened These averages 
are given m order of ascendmg magmtude m Table II 

We hope to find the above figures useful m the recogmtion of 
true poljTiria or obguna 

When the kidnej s are diseased, the volume of unne passed at 
night IS often larger than the day unne But we have found 
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large doses of urea did not elicit the condition which has been 
described as “kidney fatigue ” 

3 A fraction of the urea which was administered remamed 
m the body after 24 hours This urea was not retained because 
of any failure on the part of the kidneys to elimin ate it, for the 
amoimt retained was no larger when 40 than when 20 gm of 
urea were taken 



THE VOLUME OF URINE IN YOUNG HEALTHY 
ADULTS ON A CONSTANT DIET 

Bt T ADDIS AKD C K WATANABE 

(From the Laboratory of the Medical Division of Stanford University Medical 
School, San Francieco ) 

(Received for publication, August 2, 1916 ) 

In the course of an investigation into the conditions controlling 
the rate of urea excretion, we have accumulated data m regard to 
the volume of urme of subjects on a constant water mtake, which 
are of themselves of mterest as illustratmg the wide range of 
variation of this factor, and may further prove of value m defin- 
ing the limits beyond which a given volume of unne may prop- 
erly be regarded as abnormally large or small 

The diet has been detailed m the previous paper on the rate of 
urea excretion The total water content of the food and fluids 
was 1,710 cc This was mcreased to 2,070 cc on the last 3 days 
of the diet by the 360 cc of water m which the urea taken was 
dissolved A shght mequahty m water mtake was mtroduced m 
those few cases who did not always take aU of the mtrogen-free 
cornstarch which was provided 

Table I gives the averages and limits of variation m the vol- 
ume of urme m those twent 3 " subjects who took 20 gm of uiea 
under the above conditions 

It 13 evident from these figures that the volume of urme m any 
mdividual for any one day or part of a day is an extremely van- 
able quantit 5 , m spite of constant water mtake But when the 
volumes of the 4th, 5th, and 6th days m each mdividual are aver- 
aged, the range of \ anation is greatly lessened These averages 
are given m order of ascendmg magmtude m Table 11 

We hope to find the above figures useful m the recogmtion of 
true poljTina or ohguna 

When the kidnej s are diseased, the volume of urme passed at 
night IS often larger than the daj urme But we have found 
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that this condition may be present m subjects whose kidneys are 
perfectly normal When, however, the percentages of the total 
24 hour urme excreted at mght on the 4th, 6th, and 6th days are 
averaged for each mdividual, we find that m all of them the mght 
excretion is less than the day Table III shows the average and 
limits of variation m the average percentage distnbution of urine 
volume for 3 days 

TABLE I 


Average and Limits of Vanaiion in Foliime of Unne (Cc ) 


Period 

j l«t <1*7 

1 2iid dfljr 

3rd day 

i 

•5 

limitsot 

variatioCL 

■< 

liinitB of 
variation. 

Average 

limiUof 

variatioa. 

1 

A 

S 

8 

3 

1 

1 

8 

•a 

s 

1 

2i bra , 










8 a m -8 a m i 


2,216 


1,059 


727 

975 

1,341 

587 

12 hrs , 










8ajn-8 pjn 

642 

wwm 

381 

: 646 

1,272 

366 

617 

862 

395 

8 hrs , 










8 am -4 pm j 

458 1 

1 

281 

413 

681 1 

225 

417 1 

1 646 

284 


4th day j 

6th day 

0th day 

24 hrs 










8 ajn -Sam 


2,323 

961 

1,364 

1,674 

IMI 

1,322 

1,665 

903 

12 hrs , 










8 am -8 p m 


1,681 


913 

1,248 

732 

893 

1,269 

615 

8 hrs , 










8 am -4 pm 

643 

1,149 

422 

661 

925 

446 

645 


477 


There is not less than 38 per cent of the 24 hour volume ex- 
creted dunng the first 8 hours of the day, and not less than 63 
per cent m the first 12 Under these conditions also we never 
find more than 47 per cent ehmmated during the mght 
We may therefore be reasonably certam of the presence of a 
true noctuna, meaning an abnormally high proportion of mght 
urme, when we find in any mdividual who takes the diet that 60 
per cent or more of the average 24 hour excretion of the last 3 
days is elumnated at mght 
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TABLE n. 


T}ie Average Volume of Urine of the 4lh, Slh, and dth Dags 



8 hra. (8 a jn,— 1 pjn ) 

12 hjB, (8 it.TP.~8 p jn.) 

24 Bm (8 m.nL— 8 lum.) 

No, 

Sabiect* 

Tolome. 

Sobiect. 

Volume. 

Subject. 

Volume. 



cc. 


cc. 


cc. 

1 

Bn 

601 

A, 

684 

A, 

1,013 

2 

At 

519 

Bn 

709 

Bn 

1,022 

3 

Ad 

619 

Ad 

713 

Ad 

1,097 

4 

Boi 

627 

Bo, 

740 

8, 

1,202 

5 

G 

628 

D 

813 

Bo, 

1,213 

6 

D 

603 

G 

819 

F 

1,234 

7 

J 

604 

K, 

833 

We 

1,263 

8 

P 

613 

F 

868 

D 

1,257 

9 

F 

626 

P 

879 

P 

1,297 

10 

K. 

626 

J 

901 

J 

1,345 

11 

Cr 

691 

K, 

901 

G 

1,378 

12 

K. 

700 

We 

924 

Cr 

1,393 

18 

We 

707 

Boy, 

935 

Boy, 

1,399 

14 

B 

708 

B 

964 

s. 

1,441 

16 

St 

724 

K. 

968 

M 

I 441 

16 

S, 

734 

Cr 

1,011 

B 

1,467 

17 

K, 

734 

8, 

1,017 

K, 

1,489 

18 

Boyi 

765 

s, 

1,042 

K. 

1,626 

19 

M 

773 

M 

1,063 

Je 

1,707 

20 

Je 

788 

Je 

1,195 

K, 

1,712 

Average 


650 


903 


1,361 


TABLE HL 


Average and Limits of Vanaiion tn the Average Pereeniages of Unne Volume 
Excreted During Different Periods of the 34 Hours on 
the 4th, Slh, and Slh Dags 


Period. 

Avence. 

1 

HTgbert. 

XiOWuL 


percent 

ptr emt 

percent 

8 hra of day, 8 a jn -A p jn 

48 

66 

38 

12 “ “ “ 8 a jn -8 pm. 

66 

74 

53 

12 “ “ night, 8 pjn -8 a jn 

34 

47 

26 


Tn order to determine whether a moderate mcrease m the vol- 
ume of tirme led to any mcrease m the rate of excretion of admm- 
istered urea, the experiment was repeated m four subjects under 
















268 


Volume of Urme in Adults 


that this condition may be present m subjects whose kidneys are 
perfectly normal When, however, the percentages of the total 
24 hour urme excreted at mght on the 4th, 5th, and 6th days are 
averaged for each mdividual, we find that m all of them the mght 
excretion is less than the day Table III shows the average and 
limits of variation m the average percentage distnbution of urme 
volume for 3 days 

TABLE I 


Average and lAmits of Vanalton in Volume of Unne (Cc ) 



1 let day 

1 2Dd day 

Srd day 

Period, 


XimlU of 
Toriatlon. 


Limits of 
variation. 


Limits of 
variatloii. 


1 

Lowest 

1 

« 

>■ 

< 

s 

-a 

n 

1 

,3 

Average 

1 

•a 

s 

1 


24 hra , 











1,058 

2,216 




727 

975 

1,341 

687 


642 


381 

646 

1,272 

366 

617 

862 

395 


458| 

1,141 1 

281 

413 1 

681 

225 

417 

646j 

284 


4th day | 

6tb day 

0th day 

24 hrs 










8 a m -8 a m 
12 hrs , 


2,323 

951 

1,354 

1,674 


1,322 

1,665 

903 

8ajn-8p m 

8 hrs , 


1,681 


913 

1,248 

732 

893 

1,269 

615 

8a m -4p m 

643 1 

1,149 

422 

661 

926 

446 

645 


477 


There is not less than 38 per cent of the 24 hour volume ex- 
creted durmg the first 8 hours of the day, and not less than 53 
per cent m the first 12 Under these conditions also we never 
find more than 47 per cent elimmated durmg the night 
We may therefore be reasonably certam of the presence of a 
true nocturia, meanmg an abnormally high proportion of night 
urme, when we find in any mdividual who takes the diet that 60 
per cent or more of the average 24 hour excretion of the last 3 
days 18 ehmmated at mght 
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TABLE n, 


The Average FeJume of Unne of ike ilk, Slh, and 6lh Days 



8 his, (B a ju. — t pjn.) 

12 luB. (B a-m«— fi pju.) 

24 brs. (6 ii.in.~-8 fLin.) 

No 

Sabjoct. 

Volume. 

Soblect. 

Volome. 

Subleot. 

Volume. 



cc. 


ee 


ec. 

1 

Bn 

501 

A, 

684 

At 

1,013 

2 

Ai 

519 

Bn 

709 

Bn 

1,022 

3 

Ad 

619 

Ad 

713 

Ad 

1,097 

4 

Boi 

627 

Boi 

740 

Si 

1,202 

6 

G 

628 

D 

813 

Boi 

1,213 

6 

D 

603 

G 

819 

F 

1,234 

7 

J 

604 


833 

We 

1,253 

8 

P 

613 

F 

868 

D 

1,257 

9 

F 

626 

P 

879 

P 

1,297 

10 

K, 

626 

J 

901 

J 

1,345 

11 

Or 

691 

K, 

901 

G 

1,378 

12 

K, 

700 

We 

924 

Cr 

1,393 

13 

We 

707 

Boyi 

935 

Boyi 

1,399 

14 

B 

708 

B 

964 

& 

1,441 

IS 

Si 

724 

K, 

968 

M 

1 441 

16 

S, 

734 

Or 

1,011 

B 

1,467 

17 

K. 

734 

S, 

1,017 

Ki 

1,489 

18 

Boyi 

765 

s, 

1,042 

K, 

1,526 

19 

M 

773 

M 

1,063 

Je 

1,707 

20 

Je 

788 

Je 

1,195 

K. 

1,712 

Average 


650 


903 


1,361 


TABLE m. 


Average atui Ltintte of Vanaiion tn ike Average Percentagee of Unne Volume 
Excreted Dunng Different Penods of the S4 Hours on 
the ifh, Sth, and 6th Days 


Period. 

Avense. 

High eat. 

Lowt. 


percent 

percent 

percent 

8 hrs of day, 8 a m -4 pan 

48 

56 

38 

j 2 “ “ 8 a m -8 p m 

66 

74 

63 

12 “ ** nigbt, 8 p m ~S ajn 

34 

47 

26 


In order to determine whether a moderate mcrease m the vol- 
ume of unne led to any mcrease m the rate of excretion of admm- 
istered urea, the experiment was repeated m four subjects under 
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that this condition may be present in subjects whose kidneys are 
perfectly normal When, however, the percentages of the total 
24 hour unne excreted at mght on the 4th, 5th, and 6th days are 
averaged for each individual, we find that in all of them the night 
excretion is less than the day Table III shows the average and 
limits of vanation m the average percentage distnbution of unne 
volume for 3 days 

TABLE I 


Average and Ltmilt of Vanaiton tn Volume of Unne (Cc ) 



1 iBt day 

j 2nd day 

9td day 

PwiotL 


limhi of 
variadoQ. 


linlts of 
TBnatioo 


Limit! of 
yartation. 

! 


Loweat 

J 

e 

•a 

n 

1 

3 

■f 

1 

m 

J 


24 hra , 










8 a m -8 a m 

1,058 

2,315 


1,059 


727 

975 

1,341 

687 

12 hrs , 







8a m -8 p m 

642 

wgm 

381 i 

646 

1,272 

366 

617 

862 

395 

8 lire , 









8ajn-4pni | 

458 1 

1 1 

281 j 

413 j 

581 1 

225 

417 j 

648 

284 


<th day j 

fith day 

Dth day 

24 hre 










8 ajn -Sam 


2,323 

951 

1,354 

1,674 


1,322 

1,665 


12 hra , 

8a m -8p m 


1,681 


913 

1,248 

732 

893 

1,269 

616 

8 hre , 










8 ajn -4 pm 

643 

1,149 

422 

661 

925 

446 

645 

m 

477 


There is not less than 38 per cent of the 24 hour volume ex- 
creted durmg the first 8 hours of the day, and not less than 63 
per cent m the first 12 Under these conditions also we never 
find more than 47 per cent elunmated durmg the night 
We may therefore be reasonably certam of the presence of a 
true noctuna, meanmg an abnormally high proportion of night 
unne, when we find in any mdividual who takes the diet that 50 
per cent or more of the average 24 hour excretion of the last 3 
days IS elimin ated at mght 
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when the total unne volume was 6,484 cc , and 149 gm when 
the volume was 12,827 cc 

Although the rate of urea excretion is not demonstrably m- 
creased bj’^ an mcrease m urme volume, an mcrease m the rate of 
urea excretion mduced by the mgestion of urea is accompamed 
by an mcreased urme volume The average volumes of urme 
excreted on the 4th, 5th, and 6th days of the diet by three groups 
of mdividuals who took different amounts of urea are compared 
m Table V The first group consists of six mdividuals who were 
given 360 cc of water but no urea, the second comprises twenty 
who took 20 gm of urea m 360 cc of water, and the third group 
IB compiled from five mdividuals who were given 40 gm of urea 
m 360 cc of water 

TABLE V 


The Average Volume of Unne of the 4th, Sth, and Bih Days tn Groups of In- 
dtmdtiaU Who Took No Urea, 80 Om of Urea, or 40 Gm of Urea 


lyrfod. 

No area- 

SOcxo of area. 

40 cm. of area. 


tc. 

cr 

cc. 

24 hrs , 8 aon -8 aan 

1,051 

1,361 

1,446 

12 “ 8 a jn -8 p m 

707 1 

903 

988 

8 " 8 aan -4 p m 

547 

650 

735 

4 " 8 am -12 noon 

246 

337 

398 


In spite of the constancy of the water mtake the average vol- 
ume of urme is considerably mcreased m those who took urea 


CONCLUSIONS 

1 The volume of urme m normal mdividuals on a constant 
diet with the same water mtake is extremely variable for any 
smgle day or part of a day 

2 The average volume of the last 3 dajs of the diet when the 
water mtake was 2,070 cc varied m twent 3 '' mdividuals from 
1,013 to 1,712 cc for a 24 hour penod, from 684 to 1,195 cc for 
the first 12 hours of the day, and from 501 to 788 cc for the first 
8 hours of the day 

3 The percentage of the 24 hour volume excreted durmg the 
12 hours of the mght did not exceed 47 per cent m any subject, 
when the volumes for the last 3 days of the diet were averaged 
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the same conditions except that 250 cc of water were taken with 
each of the four meals, m all 1,000 cc of additional water for each 
24 hour penod Table IV gives the average amounts of admin- 
istered urea excreted by these four mdividuals with and without 
extra water 


TABLE IV 
No Extra Water 


1 

Penod ! 

Average amounte of adminlatered 
urea excreted 

Volomeof 

urine 

g'lk 

Sth j 
day ' 

0th : 
day ' 

Average of 
4th. 6th, and 
6tD daye. 

Averamof 
Itli.iln tad 
Mhd»y«. 

24 hrs , 8 a m -8 a m 

16 3 

20 0 

i 

19 9 

18 4 

fC. 

1,128 

12 “ 8ani-8pm* 

11 3 

16 7 

14 1 

13 7 

762 

8 " 8ain-4pin** 

9 3 

11 6 

10 6 

10 5 

1 545 


1,000 Cc Extra Water Per Day 


24 hrs , 8 a m -8 a m 

M 

19 4 

20 4 

18 9 

mm 

12 “ 8am-8pm* 


13 7 

16 3 

14 1 


8 “ 8ani-4pm** 

m 

12 2 

13 2 

11 9 

m 


’Average of three cases onij 
** " " two “ “ 


While the figures for the 4th and 6th days suggest a shght 
acceleration of the rate of excretion, yet the averages for the 3 
days are almost identical These differences are well within the 
limits of error, and it therefore cannot be said that there is any 
demonstrable mcrease m the rate of excretion of administered 
urea when 1,000 cc of water a day are added to the diet We do 
not conclude that the volume of urme never has any effect on the 
mte of urea excretion On the contrary, we have evidence which 
will be given later that under ^ertam well defined conditions the 
volume of urme is a veiy important factor m determmmg the 
rate of excretion But under the above conditions doubhng the 
volume of urme has no appreciable mfluence 

It may be worth notmg that there is no indication that the 
extra water altered the level of protem catabohsm The average 
total excretion of urea for the whole penod of 6 days was 152 gm 
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when the total unne volume was 6,484 cc , and 149 gm when 
the volume was 12,827 cc 

Although the rate of urea excretion is not demonstrablj’' m- 
creased by an mcrease m urme volume, an mcrease m the rate of 
urea excretion mduced by the mgestion of urea is accompamed 
by an mcreased urme volume The average volumes of urme 
excreted on the 4th, 5th, and 6th days of the diet by three groups 
of mdividuals who took different amounts of urea are compared 
m Table V The first group consists of six mdividuals who were 
given 360 cc of water but no urea, the second comprises twenty 
who took 20 gm of urea m 360 cc of water, and the third group 
IB compiled from five mdividuals who were given 40 gm of urea 
m 360 cc of water 

TABLE V 


The Average Volwne of Unne of the Jiih, Bth, and 6lh Days tn Groups of In- 
dwiduals Who Took No Urea, SO Gm of Urea, or 40 Gm of Urea 


Pcnod- 

No oics. 

£0 gm of onA. 

40 ficL of one. 


ce. 

ee 

ce 

24 hre , 8 a an -Sam 

1,051 

1,361 

1,446 

12 " 8 a*m -8 pm 

707 

903 

988 

8 “ 8 a jn.-4 p m 

547 

650 

735 

4 “ Sam -12 noon 

1 

245 

1 

337 

398 


In spite of the constancy of the water mtake the average vol- 
ume of urme is considerably mcreased m those who took urea 


CONCLtrSIONB 

1 The volume of urme m normal mdividuals on a constant 
diet with the same water mtake is extremely vanable for any 
smgle da}’' or part of a day 

2 The average volume of the last 3 daj'S of the diet when the 
water mtake was 2,070 cc \aned m twenty mdividuals from 
1,013 to 1,712 cc for a 24 hour period, from 684 to 1,195 cc for 
the first 12 hours of the day, and from 501 to 788 cc for the first 
8 hours of the day 

3 The percentage of the 24 hour volume excreted durmg the 
12 hours of the mght did not exceed 47 per cent m any subject, 
when the volumes for the last 3 dajs of the diet were averaged 
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4 An increase of 1,000 cc a day m the water intake more than 
doubled the volume of urme but did not appreciably mcrease the 
rate of urea excretion 

5 An mcrease m the rate of urea excretion mduced by the 
mgestion of urea, the water mtake remaining constant, was ac- 
compamed by a considerable mcrease m the volume of urme 



OBSERVATIONS ON THE CHANGES IN THE CHOLES- 
TEROL CONTENT OF THE BLOOD OF GOATS, 
FOLLOWING CHOLESTEROL FEEDING ALONE, 
ROENTGEN TREATMENT ALONE, AND CHO- 
LESTEROL FEEDING COMBINED WITH 
ROENTGEN TREATMENT AND SUB- 
SEQUENT CASTRATION * 

Bt GEORGINE LUDEN 
(from the Mayo dime, Rochester ihnn ) 

(Received for publication, July 4, 1016 ) 

The importance of cholesterol metabolism has been established by the 
work of Weltmann (1), Bacmeister and Havers (2), Aschoff (3), McNee 
(4), Wacker (6), Sternberg (6), Rothschild (7), and others, that its study 
IB beconung a subject of general mterest may be seen from the number 
of observations that have been made mthm the last 2 years 

While the mam object of the earlier work done on cholesterol was the 
experimental reproduction of the artenosclerotio lesions (Stuckey (8), 
Wesselkm (9), Chatalow (10), Anitschkow (11), and lately McMeans 

(12) ), this work proved mcidentally that a great number of organs are 
affected by a disturbance of the cholesterol balance Subsequent m- 
vestigations have shown that the organs prmcipally concerned with the 
regulation of the cholesterol metabolism are the adrenals, the hver, the 
genital glands, and the intestmes (Rothschild (7), Weltmann and Biach 

(13) , Amtschkow and Chatalow (14), Albrecht and Weltmann (16), Stew- 
art (16), Hueck (17), Gardner and Lander (18), Sternberg (6), Lowenthal, 
(19), McMeans (12), MoNee (4) ) That cholesterol is also stored m the 
body fat has been demonstrated by Rothschild (20) and Wacker (6) It 
has further been shown that the cholesterol content of the blood is changed 
by physiologic as well as by pathologic conditions, that pregnancy and 
lactation, diseases of the hver, and malignant growths morease cholesterol 
value, but that the influence of baotenal infection depends on the acute or 
chronic character of the process , Weltmann (1) found that m tuberculosis, 
for instance, the cholesterol content of the blood was lowered as the dis- 
ease progressed. 

The effect of cholesterol on cell proliferation has been made a subject 
of recent investigations Robertson and Burnett (21) reported that a 
growth of transplanted caremoma m white rats (Flexner-Jobhng type) 

• Read by title before the American Association of Pathologists and 
Bacteriologists, Washington, D C , Mb> 9-10, 1916 
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4 An increase of 1,000 cc a day in the water intake more than 
doubled the volume of unne but did not appreciably mcrease the 
rate of urea excretion 

6 An mcrease m the rate of urea excretion mduced by the 
mgestion of urea, the water mtake remaining constant, was ac- 
compamed by a considerable mcrease m the volume of urme 



OBSERVATIONS ON THE CHANGES IN THE CHOLES- 
TEROL CONTENT OF THE BLOOD OF GOATS, 
FOLLOWING CHOLESTEROL FEEDING ALONE, 
ROENTGEN TREATMENT ALONE, AND CHO- 
LESTEROL FEEDING COMBINED WITH 
ROENTGEN TREATMENT AND SUB- 
SEQUENT CASTRATION * 

By GEORGINE LTJDEN 
{From the Mayo Climc, Rochester Minn ) 

(Received for publication, July 4, 1916 ) 

The importance of cholesterol metabolism has been established by the 
work of Weltmann (1), Bacmeister and Havers (2), Aschoff (3), McNee 
(4), Wacker (5), Sternberg (6), Rothschild (7), and others, that its study 
IS becommg a subject of general interest may be seen from the number 
of observations that have been made withm the last 2 years 

While the mam object of the earlier work done on cholesterol was the 
experimental reproduction of the artenosclerotio lesions (Stuckey (8), 
Wesselkm (9), Chatalow (10), Anitschkow (11), and lately MoMeans 

(12) ), this work proved mcidentally that a great number of organs are 
affected by a disturbance of the cholesterol balance Subsequent m- 
vestigations have shown that the organs prmoipsUy concerned with the 
regulation of the cholesterol metabolism are the adrenals, the liver, the 
gemtal glands, and the mtestmes (Rothschild (7), Weltmann and Biach 

(13) , Amitschkow and Chatalow (14), Albrecht and Weltmann (16), Stew- 
art (16), Hueck (17), Gardner and Lander (18), Sternberg (6), Lowenthal, 
(19), McMeans (12), McNee (4) ) That cholesterol is also stored m the 
body fat has been demonstrated by Rothschild (20) and Wacker (5) It 
has further been shown that the cholesterol content of the blood is changed 
by physiologic as well as by pathologic conditions, that pregnancy and 
lactation, diseases of the hver, and mabgnant growths morease cholesterol 
value, but that the influence of bacterial infection dejiends on the acute or 
chrome character of the process , Weltmann (1) found that m tuberculosis, 
for instance, the cholesterol content of the blood was lowered as the dis- 
ease progressed. 

The effect of cholesterol on cell proliferation has been made a subject 
of recent investigations Robertson and Burnett (21) reported that a 
growth of transplanted caremoma m white rata (Flexner-Jobling type) 

• Read by title before the Amencan Association of Pathologists and 
Bactenologists, Washmgton, D C , May 9-10, 1916 
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4 An increase of 1,000 cc a day m the water intake more than 
doubled the volume of urme but did not appreciably mcrease the 
rate of urea excretion 

6 An mcrease in the rate of urea excretion mduced by the 
mgestion of urea, the water mtake remainmg constant, was ac- 
compamed by a considerable mcrease m the volume of urme 



lime 


Heedmcs 


Goat 21 (male, received cholesterol only) 
0 216 - - 0 216 - - 0 272** 

0 186 - - 0 216 - - 0 254 - - 0 254 - - 0 206** 

0 242--0 242--0 262--0 262--0 266** 

0 254--0 254--0 268** 



0 210 - - 0 210 - - 0 242 - - 0 242 - - 0 260** 

Goat 10 (male, normal control) 

1 0 158 - - 0 158 - - 0 180 - - 0 180 - - 0 202** 

0 146 - - 0 146 - - 0 186** 

0 168 - - 0 158 - - 0 180** 

1 0 168--0 16S--0 190--0 190--0 202** 

0 186 - - 0 188 - - 0 202** 

t 0 130 - - 0 130 - - 0 186** 


- - (0 216)t 

0 272 

- - (0 230) 

0 266 

- - (0 216) 

0 266 

- - (0 224) 

0 266 

- - (0 242) 

0 272 

- - (0 220) 

0 260 

- - (0 16S) 

0 202 

- - (0 168) 

0 186 

- - (0 153) 

0 186 

- - (0 158) 

0 202 

- - (0 16S) 

0 202 

- - -(0 146) 

0 188 


*The rcadmgs made at each 2 hour penod were repeated at intervals 
of 2 minutes 

** Value remained constant for four or more readings 
tThe small dashes represent approximately the number of minutes 
that elapsed between the lost constant reading and the first rending lower 
Note that this interval was longer for Goat 10 than for Goat 21 

J The slightly lower values at this time may have been duo to the fact 
that a few clots had formed 
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1 Cholesterol values in the blood of two normal goats, Goat 10, 
Goat' female, +++ Note that the values for 
t 10 remained constant for 7 weeks and those for Goat 35 remained 
W’Mtant for 5 weeks 
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waa accelerated by the intravenous injections of oholestorol emulsion, 
Browder (22) states that the rate of cell division of paramecia is markedly 
increased by the addition of small amounts of cholesterol to the culture 
medium, McMeans (12) observed that proliferation of the arterioles 
of the lungs and the kidneys occurred m cholesterol-fed rabbits The 
bearing of these expenmonts on the problem of malignant growth is 
obvious 

The foregoing bnef review shows that a great number of factors 
mfluence cholesterol metabolism, tm , the relative adequacy of 
some four or five organs taking part m the regulation of the 
metabohe balance and physiologic as well as pathologic condi- 
tions There may be other factors whose importance has not yet 
been ascertamed, and it will therefore be easily understood that 
the mterpretation of changes m the cholesterol value of the blood 
IS fraught with difficulties At present only deductions based 
on imusually high, or unusually low, on markedly progressive, or 
markedly recurrent cholesterol values can be expected to give 
any defimte clue concemmg the actual relation between a dis- 
turbance of the cholesterol balance and the associated pathologic 
symptoms 

The object of my experimental work is to produce mahgnsnt 
proliferation m animals by disturbmg the cholesterol balance 
For this purpose cholesterol feedmg has been used In some 
cases Roentgen treatment has been employed m addition, to break 
down the “lymphoid defence” of the animal (Murphy and 
Morton (23) ) Cholesterol tests of the blood were made, not 
as an end m themselves, but as a means by which the progress of 
the metabohe disturbance might be gauged A few observations 
made durmg the course of the experiment seem to furnish data 
concemmg some of the factors that mfluence the cholesterol con- 
tent of the blood These observations I wish to present here 
although the experiment under discussion is not yet completed 

Rothschild (7) m his studies on the cholesterol content of the 
blood of rabbits found that normal ammals appear to have an 
“mdividual cholesterol standard" to which they adhere with only 
shght vanations Bloor (24) has observed that m dogs the pro- 
cess of digestion and the chemical constituents of certam types of 
food do not mfluence the cholesterol percentage to any consider- 
able extent In the mam, this may also be apphed to goats 
(Table I, Fig 1) 



TABLE L 


Cholesterol Values tn the Blood of Normal Coals Tests Made Every S Hours 
{8 am to 8 pm ) Results Expressed in Per Cent 


Time 


8 a Jn 
10 " 
12 m 

2 pjn 

4 " 
6 “ 


0 

0 

0 

0 

0 

0 


Readmes.* 


Goat 21 (male, received cholesterol only) 


216 - - 0 216 - - 0 272** (0 

1S6--0 216--0 254--0 254--0 268»* (0 

242 - - 0 242 - - 0 262 - - 0 262 - - 0 266** (0 

254 --0 254- -0 266** (0 

216--0 216--0 242--0 242--0 272** (0 


210 - - 0 210 - - 0 242 - - 0 242 - - 0 260** (0 


HIth 

TAlae 


2I6)tO 
230) 0 
216) 0 
224) 0 
242) 0 
220) 0 


272 

266 

266 

266 

272 

260 


8 aJn 
10 " 
12 m 
2 pan 
4 " 
6 “ 


Goat 10 (male, normal control) 


168 

148 

158 

168 

188 

130 


--0 

158- 

-0 

180 -- 

0 

180- 

- 0 202** - - - 

---(0 

163) 

0 

202 

--0 

148- 

-0 

186** 



— 

---(0 

168) 


186 

--0 

158- 

-0 

188** 




---(0 

158) 


186 

--0 

163- 

-0 

190 -- 

0 

190- 

- 0 202** 

---(0 

158) 


202 

--0 

186- 

-0 

202** 



— 

---(0 

108) 

0 

202 

--0 

130- 

-0 

186** 



— 

----(0 

146) 

0 

186 


*The readings made at each 2 hour period Tvere repeated at intervals 
of 2 minutes 

** Value remained constant for four or more readings 
t The small dashes represent approximately the number of minutes 
that elapsed between the last constant reading and the first reading lower 
Note that this interval was longer for Goat 10 than for Goat 21 

t The slightly lower values at this time may have been due to the fact 
that a few clots had formed 





Fra 1 Cholesterol lalues in the blood of two normal goats, Goat 10, 
male, Goat 35, female +++ Note that the values for 

Goat 10 remained constant for 7 weeks and those for Goat 35 remamed 
constant for 5 weeks 
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Fig 1 shows the cholesterol values found in the blood of two 
normal goats, one male (GlO) and one female (G35), durmg a 
period of 8 weeks (weekly tests) Whereas the values of the 
male animal remamed unchanged for 7 consecutive weeks, a 
drop occurred m the cholesterol value of the female between 
March 6 and 13, the animal bemg m heat at the time The fact 
that a lower cholesterol value was observed while the animal was 
m heat mdicates that the cholesterol content of the blood is m- 
fluenced by reproductive activity, an observation to be discussed 
at greater length m connection with the penod foUowmg castra- 
tion 

Table I gives the cholesterol values found by tests made eveiy 
2 hours from Sam to 6 p m The effect of the vanous stages of 
digestion even m a r umin ating animal should be clearly demon- 
strable by an experiment extendmg over a period of 10 hours 
Whether the shght vanations that occurred are really due to the 
digestive process is a difScuIt matter to decide, smce a goat ruim- 
nates and digests without mterruption so that even if food were 
kept out of its reach for some time, the digestive factor could not 
be entuely ehmmated (Starvation mcreases the cholesterol con- 
tent, as Rothschild has ascertamed However, it would seem 
practically impossible to regulate the food supply for a rummat- 
mg animal so that digestion would cease without nskmg the oc- 
currence of shght symptoms of starvation ) Whether the fluc- 
tuations of the cholesterol content (Table I) are due to the pro- 
cess of digestion or to a greater amount of muscular activity on 
the part of the animal, they are m themselves so shght that they 
can hardly be considered significant 

Method of Irwestigahon — In my experiment, the cholesterol 
content of the blood of six goats was determmed every week m 
the course of 7 months For obvious reasons this part of the 
experiment is divided mto three penods (1) Observation and 
cholesterol feedmg alone (Fig 2) (2) Contmued cholesterol 

feedmg alone, Roentgen treatment alone, and cholesterol feedmg 
combmed with Roentgen treatment (Figs 3a, 3b, and 3c) 
(3) FoUowmg castration, other experimental factors unchanged 
(Rgs 6a, 6b, and 6c) 

Fxrst Penod — ^Dunng the first 5 weeks all the goats were kept 
under good laboratory conditions and were not subjected to any 
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expenment except that 3 cc of blood were taken from the jugular 
vem by means of a hypodermic synnge every week m order to 
determme the average cholesterol value of the blood of each am- 
mal At the end of 3 weeks all the ammals developed symptoms 
of mange The disease remamed confined to small areas on the 
ears or nose and apparently cleared up m a fortmght The 
changes occurnng m the cholesterol value from Oct 7 to Nov 1 
may be partly accounted for by this infection, and partly by the 
fact that the goats, havmg been on free range, had not yet be- 
come acclimated to laboratory conditions and stable food On 
Nov 1 two of the ammals (G19 and G21) were fed daily 0 30 gm 
of cholesterol m capsules, that the effect of this substance on the 
cholesterol content of the blood might be studied The extra- 
ordmary digestive powers of the goat which cause this ammal to 
thrive on the most mdigestible articles seemed to justify the ap- 
prehension that the cholesterol might be elimmated without any 
apparent effect However, as may be noted from Fig 2, anxiety 
on this pomt proved without foundation, for whereas two of the 
controls (G16 and G26) did not make up the deficit m their choles- 
terol value, and the other two (G17 and G20) exceeded their ong- 
mal percentage by a small margm only (0 005-0 018), the two 
cholesterol-fed animals (G19 and G21) gamed 0 90 per cent, that 
is, the cholesterol content of the blood mcreased by 0 090 and 
0 062 mg respectively, as compared with the ongmal values 
Therefore, from Fig 2, the foUowmg conclusions may be drawn 

1 The cholesterol content can be mcreased m the blood of 
goats by cholesterol feedmg 

2 Parasitic infection (mange) apparently decreases the choles- 
terol value of the blood This deduction has been justified by 
later observations durmg a recurrence of mange after the animals 
had become thoroughly acchmated to laboratory conditions and 
were steadily puttmg on weight The fact may perhaps be ex- 
plamed as the result of an effort on the part of the organism to 
combat the infection 
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Fig 1 shows the cholesterol values found m the blood of two 
normal goats, one male (GlO) and one female (G35), dunng a 
period of 8 weeks (weekly tests) Whereas the values of the 
male ani mal remamed unchanged for 7 consecutive weeks, a 
drop occurred m the cholesterol value of the female between 
March 6 and 13, the animal bemg m heat at the time The fact 
that a lower cholesterol value was observed while the animal was 
m heat mdicates that the cholesterol content of the blood is m- 
fluenced by reproductive activity, an observation to be discussed 
at greater length in connection with the penod followmg castra- 
tion 

Table I gives the cholesterol values found by tests made every 
2 hours from Sam to 6 p m The effect of the various stages of 
digestion even m a rummatmg animal should be clearly demon- 
strable by an experiment extendmg over a penod of 10 hours 
Whether the shght vanations that occurred are really due to the 
digestive process is a difhcult matter to decide, smce a goat rumi- 
nates and digests without mterruption so that even if food were 
kept out of its reach for some time, the digestive factor could not 
be entirely ehmmated (Starvation mcreases the cholesterol con- 
tent, as Rothschild has ascertamed However, it would seem 
practically impossible to regulate the food supply for a rummat- 
mg animal so that digestion would cease without riskmg the oc- 
currence of shght symptoms of starvation ) Whether the fluc- 
tuations of the cholesterol content (Table I) are due to the pro- 
cess of digestion or to a greater amount of muscular activity on 
the part of the animal, they are m themselves so shght that they 
can hardly be considered significant 

Method of Investigation — In my experiment, the cholesterol 
content of the blood of six goats was determmed every week m 
the course of 7 months For obvious reasons this part of the 
experiment is divided mto three penods (1) Observation and 
cholesterol feeding alone (Fig 2) (2) Continued cholesterol 

feedmg alone, Roentgen treatment alone, and cholesterol feedmg 
combmed with Roentgen treatment (Figs 3a, 3b, and 3c) 
(3) Followmg castration, other experimental factors unchanged 
(Figs 6a, 6b, and 6c) 

First Penod — Dunng the first 6 weeks all the goats were kept 
under good laboratory conditions and were not subjected to any 
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ejcpenment except that 3 cc, of blood Tvere taken rrom the jugular 
TEin bv means of a hjpodemuc srnnge everg ixeek m order to 
detcnnine the areiage chol^erol value of the blood of each ani- 
•mal- At the end of 3 veefe all the animals developed symptoms 
of mange. The disease remamed confined to small areas on the 
ears or nose and apparently cleared up in a fortnight The 
change occurnng m the cholesterol value from Oct 7 to Xov 1 
may be partly accounted for by this infection, and partly by the 
fact that the goats, havmg been on free range, had not yet be- 
come acclimated to laboratory conditions and stable food On 
Xov. 1 tvo of the .aTiimals (G19 and G21) irere fed daily 0 30 gm 
of cholesterol m capsules, that the effect of this substance on the 
cholesterol content of the blood mi^t be studied. The extia- 
ordmaiy digestive powers of the goat which cause this animal to 
thrive on the most indigestible articles seemed to justify the ap- 
prehension that the cholesterol might be ehminated without any 
apparent effect However, as may be noted from Fig 2, anmety 
on this pomt proved without fotmdation, for whereas two of the 
controls (G16 and G26) did not make xrp the deficit m their choles- 
terol value, and the other two {G17 and G20) exceeded their ong- 
mal percentage by a small maigm only (0 OOS-f) OIS), the two 
cholesterol-fed animals (G19 and G21) gamed 0 90 per cent, that 
IS the cholesterol content of the blood mcreased by 0 090 and 
0 0o2 mg respectively, as compared with the ongmal values 
Therefore, from Fig 2, the following conclusions may be drawn. 

1 The cholesterol content can be mcreased in the blood of 
goats by cholesterol feedmg 

2 Parasitic infection (mange) apparently decreases the choles- 
terol value of the blood. This deduction has been justified by 
later observations dunng a recurrence of mange after the animals 
had become thoroughly acclimated to laboratory conditions and 
were steadilv puttmg on weight The fact may perhaps be ex- 
plamed as the result of an effort on the part of the organism to 
combat the infection. 
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Fig 1 shows the cholesterol values found m the blood of two 
normal goats, one male (GlO) and one female (G35), durmg a 
period of 8 weeks (weekly tests) Whereas the values of the 
male animal remamed unchanged for 7 consecutive weeks, a 
drop occurred m the cholesterol value of the female between 
March 6 and 13, the animal bemg m heat at the time The fact 
that a lower cholesterol value was observed while the animal was 
m heat mdicates that the cholesterol content of the blood is m- 
fluenced by reproductive activity, an observation to be discussed 
at greater length m connection with the period foUowmg castra- 
tion 

Table I gives the cholesterol values found by tests made every 
2 hours from Sam to 6 p m The effect of the various stages of 
digestion even m a rummatmg animal should be clearly demon- 
strable by an experiment extendmg over a penod of 10 hours 
Whether the shght variations that occurred are really due to the 
digestive process is a difficult matter to decide, smce a goat rumi- 
nates and digests without mterruption so that even if food were 
kept out of its reach for some tune, the digestive factor could not 
be entirely e limin ated (Starvation mcreases the cholesterol con- 
tent, as Rothschild has ascertamed However, it would seem 
practically impossible to regulate the food supply for a rummat- 
mg animal so that digestion would cease without riskmg the oc- 
currence of shght symptoms of starvation ) Whether the fluc- 
tuations of the cholesterol content (Table I) are due to the pro- 
cess of digestion or to a greater amount of muscular activity on 
the part of the animal, they are m themselves so shght that they 
can hardly be considered sigmficant 

Method of Investigation — In my experiment, the cholesterol 
content of the blood of six goats was detemuned every week m 
the course of 7 months For obvious reasons this part of the 
experiment is divided mto three periods (1) Observation and 
cholesterol feedmg alone (Fig 2) (2) Contmued cholesterol 

feedmg alone, Roentgen treatment alone, and cholesterol feedmg 
combmed with Roentgen treatment (Figs 3a, 3b, and 3c) 
(3) FoUowmg castration, other experimental factors unchanged 
(Figs 6a, 5b, and 6c) 

First Penod — ^Durmg the first 6 weeks aU the goats were kept 
under good laboratory conditions and were not subjected to any 
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Tia 33 Cholesterol values for Group A, Period IT The effect of 
cholesterol feeding and mange Goat 19, , Goat 21, 




Second Period — Dunng the second period observations were 
made on the effect of cholesterol feeding alone, of Roentgen 
treatment alone, and of Roentgen treatment combined with cho- 
lesterol feedmg, the six goats bemg divided mto three corre- 
spondmg groups, tnz , G19 and G21 (Group A) contmued to get 
0 30 gm of cholesterol daily m capsules, G16 and G26 (Group B) 
diffuse Roentgen treatment (diaphragm wide open) consistmg of 
a 12 5 milhampere per mmute dose daily for 7 da}^ (2 5 miUi- 
amperes at a distance of 24 mches from the tube, exposure 6 
mmutes) followed by 7 days’ rest, G17 and G20 (Group C) were 
given the same Roentgen treatment but received in addition 0 30 
gm of cholesterol daily without mterruption (Figs 3a, 3b, and 3c) 
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|a88Ba8aaaaaBBBaaaaaaa8aaaaaa8aaaaaaaBBaBaBaB8aBBaaBBaaa8S8BaaBaBaa88aaaaaBaBaaaa| 
ISSSS5SSSSSSS***S*****”************5B***B5********'**'<**B588Ba8SSaS88SaaBaaBBBBBB8l 
il!5a5S«aaS8S************************B****BB***B**‘***uBBBaaBaaaaBaaaaBBaaBa8aaaaaB| 
^■■■■■SMOSSSaaBaaaaaBBaaaaaBaaaaaBaaaaBBBaaBBBBaaaBaMBaBaBBaBaaBaBaBaBBaBBBBBBaBal 
lS55!S9**SS******B**Ba*****BBaaBBaaaaaaaaaaaaBaaaaaahaaaaaBaBaBaBBa8aaaaaBaBaBa8a| 
IS5SSSSS5SS5********************<***********************BkBaaaBB8aaaBaBBahBaaaBaaa| 
l95SS5599BS59**5***********aaaaBaaaaaBaaBaaaaaBaaaaaaaBBaBSBaBBBBBBS8aaBaBBBBaBBBl 

{(•■BaBaBaaaaBBBBaaBaBaaaBBaflaaaaBBaaaBBBBaaBBBaBaaaaBaaaaBBaBaBaaaaBBaaSaBaBaaBaal 

aaBBnanBBaaa 

aaaaaaraaaaa 

ISS!SSSS5SSBS*SS**************"***9S£^**S***^*^********^*BB*B***‘*B****MBBBiiaB8Bl 
B8****9l***********aBBflBBBBaBBBBBBB8BaCirBaaBBUBaBBBBaBBBnaBBBBaBBUaBaBitBWBBaBBBBa«l 
^BBaBaaBaaaaBaaaaaBaaaaaaaaBaaaaaaflnBjawnBBaBBaBBaaBBBBBaBSBaBaaaaaSaaaBBaBBBBBBBl 

■BaaaBaBaBBaaBaBaBBBaaBBaBaaaaBaBBaBwaBaBaBaaBaaBaBaBBaaMBBBBaaBBBaaaBWBBBBBaaBaBl 
"SaBBaBaaBBaBBBBaBaBBaBaBaBaaaBBaacaaaBaBBBaBaarBaaBackBaaBaaaByaaaaaaaaaaaaaaBBal 

aaBBBaaaBBBBBl 
BaaaaBaBaaaBBi 

iBBaliiiiBaBBaiiiiiaiaiawiiiiiiairBiaiiiiiiiiiaiiBiaaiBiiBiaBawBBaBaaaBaBBBaaBBBal 
^aBBBBBBBrBBBBBBaaaBaBBBaaBBaBaaanBaaBaBBBaaaBBBBBaaBBBBaBaaBBBaaaBaBBBBaaBaaaaBBl 
■aBBaBaaanaaBBaBaaaBBaaaBBaBaBaaBJBBaBBBaaaBBaBBBBaflBBBMaMBBBaBBaaaaaaBBBBaaBaaaBl 
laBBBBBBB^BaBBBaaBBBBBBBaaraBBaacaaaaaBBBaBBaaaaaaaaBBaaBHaBBBBBBBaBaaaaaBaBaBBaBl 
laBBBBaBaBBaaaaaaBaaBaaaBBauaaBayBaaaBBBBaBBBBBBBBBaBBBBBBBaBaBBBBaBBuaaBaaBBBaBfll 
aBBBBaBfBBBaiaiaBaBBaBaiaaBBBaaBBaBaaBBBaaBaaaaaaaaaaBaaBBaBaBBBBaBaaaaBaBBBBBBBl 
.aBaBaBarBBBBBBBBaBBBaaBaBBBarBBBBBBBBBBaBBaBBaBaBBBaBBBBBBaBBBBaaaBBaaaaaaaaaaaal 
|BBBBBBBr.BaBBBBBBaaaaBaaBarBaa3BaBBaBBaBBBBBBBBaBBBBBBaBBBaBB8BBBBBaBBaBaBaBBBBaB| 
■BBaBaaBaBBBaBBBBaBBBaBBBBBJBBBBBBaaaBBaBBBBBaBBaBaBBaBBBBaaBBaaBBBaBBBaaaBBBBBBBl 
|BaBBBaBiBBaBBBBBBB8aBBBBBaBrBB««8aaaaBBaBaBaBBaBBBBaBaB8aBa88aaBB»wBBBaaBBB»aaBBB| 

^aBB8Bat.BBBBBa8BaBBBBaaBBBBB8aBfl8aa8Baa8BaaBBBaaBaBaaBaaaa«aa8aaawaaa8a8aBai»aaaa8l 

IBBBBBBUBBBBBBBBBBBBaaaBaBBBBBBBaBaBBBBBBBBBBBBBaBBaaBaaBanaBBBaBBraaBaaBBBBBBaBBl 

■aaBaaBJBaaaaBBaBBBaBBBBBBBBBBBBaBBaaBBBBaBBBBBBaBBaBBBaBBaaaBBaBBBBBaaBaaaBBBBBal 

iBBBBBBaBaaBBBBBBBBaaBBaaaaBBBBaBBaBaBBBBaaBBaBBBaaaBaBBaBaaaBBBBBaBBBBaBBBBBBBBBl 

BBBaaBBaaBBaBBBBBBaHBBaBBaaBaBBaBBBBaBBBaaBBBBaaaBaaBBBBBaBaaaaaBaaBBaaaaaaaaBBBBl 

ABBaaBaBBBBaaBBBBBBBBaaaBaaaaaBaaBaaaaBBBaBaaBaaBBaaaBBBaaaaaaaaBaaBBBBaaBBBBaBBSI 

lBBBBBWB8BaBBBBBBBBBBB8BaBBBaBBaBBBaa8BBaBBBBBB8BaBaBaB8BaaB8aBBHBaBBBaaBBaBaBBBa| 

|BaaaajBBaaaaaa8aBaBBaaaBBBB8BBBBBBBBBBBBBaBBBaBaBBaBaaBBBB8aaB8B8affaBa8BaB8BBBaal 

■BBBBB«BBBBBBBaBBBbBBBBBBBBBBaBBBaaflaB8BaaBBaBaaBBa8BaaBB8B#a8BBaBBf*BBBBaBaB8BBaBl 

laaBaaaBaBBaaaBBaBBaaaaBBBBBBBBaBBBaaBBBaaBaBBaBBaaaBaBBBBBaaaaBaaapaaBaaBwaBBBBBl 

•BBBBBBaBBBBBBaaBaBBBBaaBBBaBaaBaBBaBBBBBaBaBaaaBaaaBBaaaaaaaBaaaaaaaaBaBawBaasBBl 

iBaBBBBBBBBaaBBaBaBBBBBBBBaBBaBaBaaaBBBaBaBBBaBaBBBaaaBBaaaaaaaaBBavBBB * 

iBaaaBBBBBBBBBBBBPIBBSBaBaBBBaBBaBBBBBBBBBaBBBBBaBBBaBBBaBBBaaBBBaBBaBBa 

iBaBaBBBaBaBnBBaaaBBBBBBBBBBBBBaBBBaaBBBBaaaBaBBaBBBBaaBBBaraBBBBaBBBBBaBBBBBBBaBl 

iBBaBBaBBBBaBBBBBBaaaBBBaaBaBBaBaaaaaaaBBBaaaaaBBaaBBBBaaaaaBBBBBBBB’iBBBBraaaBBaBl 

>BBaBaBB8BflBBUBa8BB8BBBBaBBaaBaBaBBBaB8BaaaBBBaaaaBaBBBBaaBa«aaaa8aB>«aBaBaBBaBBBBl 

iBBBBBBmBBmaBBBBBaaBBBaaBBBBBaBaBaBaaBBBflaaBBaaBBBBaBBBaasaaBaaBBBaanaaaaamBBmaBBl 


iBBaBBBBaBBaBBBBBBaBBBBaBBBBBaaaaaBaBBBBaaBBaBaaBaaaaaBaaBBaaaaaaBBBBBBaaBBBBBaBBl 

|8S88B8888a88SBaaSSaaBBBaaaBaaaaaBBBaaBBBaaaBaBBBaaaaBa8aaBaraaaaaB8BaBaaaBaaBaBa| 

|SSBSSS 888 a 88 SBSS 8 SaB 8 aaaaBaB 88 a 8 aaBBBBBBaaBaaaaBaaBBaBaaBBaanBaBaaaBBaaaBBBBaBBal 

^SSSBaS8SS88SaSaSBaSB8aBBBa8a8aaaa8aBBBBBaBaBBaaaa8aB88BaaBaaaaBBBa»/iMBapBaBaBBaBl 

V 888 SB 8888 a 8 Sa 8 a 888 Ba 8 a 8 BaaaaBaaaaBaaBaaBaaaa 8 aaaBBaB 8 BBaaBaaaaaBBaaBaBBaa 8 Ba 8 BBafl 

l8BaBB8888B8Ba8B8BBaB8BaBaaaaaBaaBaB«aBaBaBBBaaaaB8aaaaaaaBsaa88aBaBaaBBaaaBBBaaa| 

iBBaaaBaaBaBBaaBBBaaBBBfaaBBaaaaBBaBBBBaBBBBBaaaBBaaaBBiaBaBBaaaaaaBBBBaaaaaBBaBal 

iBBaBaBBaBBBaBflBaaaaaaaaaaaaaaBaaBBBaBaBaBBBBBBaBBaaaBaBBaBBBBBaBaaaaBaBBaBaaaaaBB 

[naaBaaBaBaaaaaaaBaaaaaaaaaaaaBaBaBaaaaaBaaBBaaBaaaBBaaaaaaaaaaaaaaBaaaaaaaBBBBaBa 


Fia 3 b Choleaterol values for Group B, Period II The effect of 
Roentgen ray treatment and mange Goat 16, ° ° °, Goat 26 X 

indicates Roentgen ray treatment 




Pio 3 0 Qioleaterol values for Group C, Period IL The effect of 
Roentgen ray treatment and cholesterol feeding combmed (m the values 

for Goat 17, the additional influence of pregnancy) Goat 17, , 

Goat 28, — X indicates Roentgen ray treatment 
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Cholesterol Content of Blood 
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BBBBBBBBBVBBBaaBBBBW 


BBBBBItBBBBBBBBBBBBI 


.... ^BBaBBBBBBBBBBBBl 

...... yaBaaBaaBBBaBBBBaaaaBl 

■;i>SiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiriSSSSSSkSSSSSSSSSSSS!SS!SSS!iSSS!SSS* 

!S**********i^*vflMaaaBaBaaaaBaaaaaBaaBaaaaaaBBhBaaBBBBaBBaBBaaaaaBaaaaaBag 

■■■■SSSSSSSM8SS!SSfi!5SSSSSSSSSSS!!!5S55S5555*"'>**"****B*SS«**«a>«"**«MMa*"«B 

8aBBaBasBaaBBBBBBflaflSaS8SSSflSSSSSBSBBSSSS8SSSSS85S52*'***************'**'****SS!* 

5SSSSSMS!55SS5S*"********>***********^***B***>>M**M8BaBBSBBBBSnBBBSBB«SBBBSSS 
fffffffBBBBBBBBBBBBBBaaBBBBaa&4BaBBBBBBBrBBBBItaaBBBI<aBaBBBBBBBa^8nBBBBBBBBBB8B 
!8!S8S5*******************************^***VaBBMaaB8Bli8BBBaaBBaaBBBBBa8SBaBBBB8B 
SSS98i2S5S55555SS**B*BBBBBBaaaBBBBBarBaBBnaBBBBBBBBBBBBaBBBaaaBaBB*BaBaBBaB 


BBaaBBBaaaaaaBaBaaaaBaaaaBaaBaBBaBa 


— — ...................................... 

SSSSSSSSSSSSSSfSSSiaSiiiiaMMSSSSSfK&SSK^^M^B^^B^^VBSSBaBBBSaaiCBSEBaBBBBaBB 

M. BBBBBBBarljiBBBBBjBrBBaBBBaBPBaaBaBaacBaBaBBBBBBaaBaaB 


■■■•■■■■rBBaBaaaaaaa8BaB«BBaaaBa.')aaBaBBBBBBBBBBBBnB8aBBaBaaBBBaaBaBBaBBBBaBi 

SSSSSSS!SE!”SSSSaS!SS!SS!S5”S!S«iSSSS!5!SS!!5!5!SSS!!a9"*!»i"f!»!!i>9iii!9 


laBaBBaBBBBBa 
~ 'Baaaa 


BBBaaBBBaBBBBBBBBaBBBBBaBBUaBaaiiBBBBBBBBBBBaBBBBBBBBBBaBPBaaaBBBBBBBUBBBaaBBBB' 

■■■■■P*VBaB8BaBaBBBBBBBlBBBBBB84BBaBBBaBBBBBBBBaBBBBBBaBaBBBhBBaBaBBaBBBBBBaaai 

BBBBBilBBaBBaflB8aa8BBBaBBBBBarflfcBBBBaaBBBBBBBBBBBBBBaBBBBaBBBItBBBBBBBBBB8BaBBBB> 


55SESS5S2Saf!!SSSEE!S!!lS£!!S!SSfS!!S!!SSSSSS!ES!SS5E!*E!99!i*!!!«9"9!!99!!iP«**"* 

BaaaBB 

BaaBBBBBiiBBiiBiBiiiiiaiBraiaurfBiiaiBBiiiiaiiiiiiBiiiBBBaBaBaBaBaaaiBBBBBBaBBaaB 

BBBBBBB3BBBa8BaaBBaBBaBBaBJBaaaBB8BBaaBBBBBBaBBBBaa88BBaBBBBBBBBaBBBBBB8BBBBBBaa 

■BBBBBaiaBaBBaaBBBaaBaBBaBBraaaBaaSBBBBBBBBBBBBBBBBBBBBBBaBBBBBBaBBBaBBBBBaBBBBB 

BaBaBaBaBBBBBBBBBBBaBBBBaaaaOBBaaaBaBBBBBBBBBBaBBBBaBBBBBaBBBBaBaMBBBBBBaaaBBaaa 

BBaaBai.BBBaBBBBB8a8BBBaBBBBBB4aaBB8aBBBBBBaaBBBaBBB8BaBB8«BB8aBBWPBB8aaaBBkaBB8B 

BBBaaawaaBSBBBBBBBaBBaaaaBaaaaaBBBBBaaaBBaBBaBBBBBBaBBBBBHaBBBBBapBBBBBBBBHBaaBa 

BBBaBajaBBBBBBBBBBBBBBaBaBBBBBBBaBaaBaaaaBaaBBBBBBBBaBBBBMBaBBBBBBBaaaaBBaaaBBBB 

BBaBBBJaaaBaBBBBBBaBBaaBBBBaPBBBBaBaaaBBBaaaBBBaBBBBaBBBBaaBBaaaBBBaBBBaaaaBaaBa 

aaBaBBBaaBBBaBaaBaBaBBaaBaBBaaBaaBBBaBBBBBBBBBBBBBaBBBBBaaBaBBaaBBaBBBBBBBaBaaaB 

BBBBBaaaaBBaBBBBaBaBBaBBBaaaBBBflaBaBaBaBBBBBBBBBBBBBBBBBBBBaBBBBBBaBBBBBBBaBaBaB 

aaBaBUBBaaaaBBaBBBaaBBBBBaBBBBBaaaaBflBBBBBBBBBBBBBBBBBBBBBaBBaaMBBaBBBBBBaBBBaaB 

aaaaBjaBaaBaBaaBBBaaaaBaBBBBaaBBBaaaaBaBBBBBBBaaBBBBBaBBBaaBBBaBBaaaaBBBBaBaaaaa 

BBBaBBBtBBBBBBBBBaBBBBBBBBBBBBBBBBBBaaBBaaaBBBBBBBBBaaBBaBaBBBBBBBPaBBBBBaaaBaaa 

BBBaBaBBaaBaaBBaaaaBBBBBBBaaBaBaBBaBBaaaBBBBBBBBaBBBBBBaBBaBBaBBBBPBBBBBBwaaaaaa 

BaaBaaBaaaBBBaBaBBaBBaBBBBBaBaaaaBaBaBaaBBBBBBBBBBSBBBBBBBaBBBBBBBrBBaaBBwBaBBaa 

BBBBBBaaBaBaBBBaBBBaBaaBaaaBaBaaBaBaaBBBBaBBBBBBBSBBBBBBBBPaBBaBBBaaBBBBBBBBBBaa 

BBB8BBBBaaBaBBBBaBBflaaaBBBaB8aBBBaaaBBBBBBaBBBBBBBB8BaBBBBIiBBaaBaBaaaBBaBB8aBaBB 

88aaaBBaB8BnBBBaNaa8BBa8aBaBaaBBaaaaBBBBaaaBBBBBBaBaBaaBBBPBBBBBBBBBBaB8B8aB8B8B 

BBaaB8BaaaBBBflBBaaBBBaBaBa8BBaBaaaaB8BaBa«aBBBBBBBBBBaaaBBa8a8Baa8BBBBBBrBaBBaaB 

BB«a«BBaBBBBUB«aaBBBBaBBBBaBaaBaaaaaBaaBBBBBBBBBBaBBBaBaBBBaBaa8B8B«VBB8BBBBBBBBa 

BBaaaaBaaaaaaaaaBaBBaaflaaaBaaaaaaBaBaBBBBBaBBBBBBBaaBBBBaBBaBaBBBBBnBBBBPaBBBBBB 




BaBBaaaBBBBBBaaBBaaaaBaaaBaBBBBBaaaBBaaaaaaBaaaaaaBaaBBaBaarpaBBaaaMaavaa*****" 

BBBBaBBBBBBBaBBBaBBaBaBBBaBBBBaBBBaaaaaBaaBBBaaBaBBBBaaBBBBVBBBBaBBBBBBBBBBBaBaa 

BaBsaBBBBBBaaaBaBaBBBBBBaBBaBBaaaBaaBaaaBaBBBaaBaBBBBBBBBBBBBBBaBBBBrtBBpaaaBaBaB 

BBBBBaBBBBBBaBBBBBaaBaBBBBBBaaBaaaBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBirlHBanBBBaBBaB 



Fia 3 b Gholeaterol values for Group B, Period II The effect of 
Roentgen ray treatment and mange Goat 16, ” ° Goat 26 X 

indicates Roentgen ray treatment 
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iBBaBaBaBaiiaaBaaaBaaaBaaaaBBBi — “ — “* ® 

iBaBBaBBBa iBBBBBaBBBBBaaBaaaai 

SaaaaaaBBaaaBBaaBBBBBBaBBBBBai 

■ aaBBBBBBaBBaaBaaiiaaaaaaaaaaaaaaL^^. 

B aaasaflflaaBaBaaBtiBBRaBaaaaaaaaallifB bbbbi 

aaaaaBafaaaaaaaraaaaaaaaBBaaifliiaB aBBBL--^ 

■BiBaBSBflSBBBaBaBaBaBaaaaaiaaaaaaRaa aaBaaiBi bbbi 
TaiaaaaaaaiiaaflaaaaBaRaBaBBBaBBiRBBaaaaaBiaBBiiaBBi 
il 8 Sfi**"*i'******!l^B**Ba»aaflBBaasiBB RBBBaBBBBBaaBaBBi 

liamaaBBIiaflBaBaRBUBBBaBBBBaBaBBaiBa BBBBiBBBBiBBBI 

■ aa.'iaBBaaBBBiiaaBBBBaBBBaaBBiBB BBi aaiBBaiBaai 

,-z — BBtBBBaBaaB&aaBBBaaaflBaaaaaagaiiiBKBBiaBRa) 

kMBafliaflBaaaBflBBBBaBBBBaBBBBaaiiii:'aaBBaBaBaBBBi 

‘'‘^BBaaBBBBBBBBBBBRRaaaBBaaBaBBBI.maCBBbaBBBBaBBBBaBSil 
JBBiBBBBBBBi' 


iBBaaBBBBBBBBBBBBBBaBBBBBBBBBBRBBBBal 
iRBBiBBi iBBgBaBBBaBBaBBaaaaBaaBaaaBBl 
laBBEBiiiiBBBaaRgBaBiBBaRBBBaiBaBRBal 

iBBBBRBBBiBaaaBaiBBBiasaBRaBaRi.BBaBB| 

■■■fEiBB**KBlBBB imaaBaaR8BBBBBB|BBBBBBaBBBBI(|iaaaaBl 
BaalEiB BBBBiiBB ElBBBBBBBRlIlaBliBBBBBBiBBBBIlllBBBagl 
BiBiaBB BBaaBiiaaiaRaBBii iBiiBBBaBiBliBBaaaaaaiiilRiBBal 
aaaRRBB aBBaaiKi BRaBBR|aRiBtBBBaEBiBBaB|BBia IriBlBtal 
BiBBBBaBBaBlBBBEEaBBBBaE BBlEBBaaaaBBBaaiaaiaaxBBBBfll 


BBBBBaBBBBBBBaRaBBBaBjaaaaal 

BBBBBaaBBaBaBBaaBaaBRBBBBBBl 

BBBBaBaBBBBBaBBaBBBtRiaaBBil 

BBBaaaaBBBiBBBBaBBBaBiBBBill 

— nBaaaaiBBBaaBal 

BBBBBIIfrgfBBBal 


MiE^iVi%atBaiiapiBBBBBBaBllB«*BBBBBBBBBBBBBBMBaBaiiaailBBaSl 
BapBimiBBiiBiEBiiBBaiBBBBa«BBBaBB8B8R8aB8BB»BBBBriBaiBaBBi| 
fBEBI«iBiil«aBMBBBBB 8 SBiBBBBBBBBBB 8 BaBBa 8 BBBi 8 a 8 >rB.BBaaB — 
HBBBiiaiiitiaaNBBBBBBBBBaBBkiaBaBaBBBBBBaBaBBBBSBBICBiBia 

— ^BBBBBBBBBB IBBB JlIBBaBB. 

BBBBBBBaBBiiBasiNaaBiBail 
BBBBBBBBgBrBBBBBBBBiiBal 
iBiBBBaaBBtaBBBBIBBBiiiBl 
iKBBBBBBBBiaaaVBBBBRi; 


BBBBBBBBaaaaBBBKBB 



iBBBBBBBBBBBBBBBa^BBBBBSB ItVBBBBBBal 
IBBBBBBBBBBBtBaBBB'BBBaaBBjraaiBBBBil 
— «■«a«■«■«'l■■■■■■«■s■■■•■■■M‘lBO■a■■■■■****■'■^BaaBaaa8BaaaB8a8a>18BBBBllBflBBaRaaBa| 
RaBaaBaBaB«aaRBBauaaaBaaaBi»‘4laaBaBaaaaBaiBaBBaaRBBaRaBaBaaBaBBa8BRrBi>BBaBBBaBl 
aBaaBBBBaaaaBBBsamaaaaBBBaaaanMlBaBaBBBBaBaaBBBBaBBaaBaBBaaRakBBaBB BiiRBaaaBaal 
IfBaaanaBBaaaBaBflBaBaaaBaaaBBBaBaaaaBBBBBBBBaaaaBBaBaaBBBaBBBaBBBBBBBBBBJBBBBiBBal 
|iaaBBvaaaBa>.BaBBBBaaaBaBaBaBaa8BBBaBaaaBaaaaBBBBBBBaBaaaaBBaaaBBatiaaaBaj8BRBSBaa| 
iBaaaBafiaaaBiJBBBBaaaBaaaBaBaBBBBiaBaBBaaaaaaaBBBaaBBaaBRaaBaaaBBRaiiRBaaBaaaaBBagal 
l■aaBaBaBaBa«aaaBaBflBSBBaBBBBBBraBBBBaaBaaa8BaaBBBRBBaBBaBBa■aaaBaaaR8BaaaBBBB■8B| 
"•RaBaBBRaaaaaaBaaaBaBBaBBaaaaaluBaaBaaaaBBBaBaBaRBaaaaBaaaBBBaaBBaBaaaaBJBBaBaaBBl 
|■aBaaBa«aa•aaaBaBBaaBBaBBaBBaMaBBaBaBBBaaaaBaaBBaBBaBBBBRBBBBBBBBBllRBBBBaaaBBaBB| 
laaaaaBaa.iaaaaaaaaBBaaaBaaBaaaBBaaaaaaBaBBBBaaBBaBBBaaBBaaaaaaaaaaBi-aBBBBBBBBBBaal 
iRBBBRBBBrauaaaaRaBaaaaaBaaBaaaaaaSaBaaBaBBBaaBaBaaaaaBRBaaaBaaaaaaBaaaaBBBBBaBBal 
iBBBBRBBBBBJaaBBaaBBBaBBaaBaBBaRaBBBBBaBBBBBaBBaaaaBBBaBBaaBBBBBaBBBBBarBBBBBBBBBl 
LBaaBBaaaavaaaBaBBaaaaaaaaBBBaBaaaRBaBBBaBBBaBBaBBRaaBBBBBBBBBaBBai'iiiBBrBBBBaaBBal 
iBBBaBBBBaaaBBaaaBBaaBaBBaaflaaaBBBBaaaBBBBaaaBBaBBBaBBBBBaBBBBaBBBaaaaaaBaBBBBRaal 
iBBaaaBSBBaaBaaBasBRaaaaBjSBaaBBBBBBBaBBaBaBBBBaBBEBaaBBaaBaBBBaBaBBBaBBaBBBBBBBBal 
"aaaBaBaaaBaaBBBRBBBaBBaBBBaBaBBBaBBBaBBBBBBBBBBBaaBaaBRBBBBBBaaaaBBBaBBaBBaaBBBal 
BBBBBBaBBBBaBBBMaBBRaaaaBRaaBaflBBaBBBlBIIBaBaBBBBBBBRaBRBBBBBBBaBBBaBaaaBaaaaBBal 
aBBBBBBBaaBBBBBBaBBBS5BSSBBaBaBBBaBaaa8aaaBaBaBBaBBBBaBaBaBBaBBBaBBaaBBBBBBBaBBa| 


PiQ 3 c Choleaterol values for Group C, Period 11 The effect of 
Roentgen ray treatment and cholesterol feeding combined (in the values 

for Goat 17, the additional influence of pregnancy) Goat 17, , 

Goat 28, — — — X indicates Roentgen ray treatment 
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Cholesterol Content of Blood 


The interpretation of the results obtained during this period 
IB extremely difficult owing to the number of mtercurrent factors, 
the effect of which on the cholesterol content of the blood can be 
merely guessed, smce at present data for comparison are not 
available and can be obtamed only by further mvestigations On 
the other hand, the conclusion which seemed warranted by my 
observations during the first period, vxz , the mcrease of the cho- 
lesterol value by cholesterol feeding and the decrease of the cho- 
lesterol value by mange, appear to be corroborated 
Thus, G19 (Group A), which already had the highest choles- 
terol values dunng the previous period, will agam be found to 
have higher values than any of the other animals, and G21, which, 
although it had responded to the cholesterol feedmg previously, 
had done so to a lesser degree, agam shows a general mcrease m 
the cholesterol content of its blood, less marked than the mcrease 
found m the other ammal of the same group Closer examma- 
tion of the curves m Figs 3a, 3b, and 3c reveals the influence of 
the mtercurrent factors referred to above Thus, m the case of 
G19, a severe recurrence of mange on the shoulder explams the 
drop of the cholesterol value on Nov 22 It will be seen that 
the value went up with the disappearance of the mange More- 
over, the cholesterol dropped agam durmg the followmg weeks, a 
decrease that may be partly accounted for by another recurrence 
of the mange All the goats except G16 and G20 were affected 
In the case of G19, another factor which undoubtedly influenced 
the cholesterol content from Dec 13 onwaid must be considered, 
mz , the formation of a cyst-hke swellmg which had become large 
enough to be noticeable on Dec 30 This swelling was located 
near the nght nostril, extended over the upper hp, and measured 
about 2 cm m diameter Shght fluctuation was present at first, 
suggestmg that it might be an abscess The fluctuation then 
disappeared, and the swelhng assumed a tumor-hke aspect To 
ascertain the exact nature of the tumor, it was lanced on Jan 17, 
and found to contain pus A small quantity (1 2 gm ) of tlie pus 
was taken for chemical analysis, and the remainder left to be re- 
absorbed by the animal A test of the pus for cholc'^terol showed 
the cholesterol value to be ten times that of the blood and seemed 
to warrant the assumption that the abscess was a “deposit” for 
the mcreasmg surplus cholesterol m the blood This supposition 
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appeared to be corroborated by the increase of the cholesterol value 
in the blood during the following weeks, when the remainder of 
the abscess was bemg slowly reabsorbed Several tests made 
with pus from patients did not give any higher cholesterol values 
than are usuall}’^ found m the blood under conditions of shght 
inflammation The fluctuations m the cholesterol value of the 
blood of G21 would appear to be due to the appearance and dis- 
appearance of mange 

For the changes m the cholesterol values observed m all of the 
animals between Feb 1 and 21, no apparent reason can be found 
unless extreme changes m the temperature (days on which the 
thermometer registered 25-40° below zero, altematmg with days 
of warm sprmg-like weather) are to be taken mto account * It 
is qmte conceivable that similar extremes of heat and cold cannot 
be without effect on general metabolism 

The result of the Roentgen treatment (Group B) is not suffi- 
ciently stnkmg to permit of any definite conclusions The fact that 
a shght drop m the cholesterol value occurs m several mstances 
toward the end of the second penod after a week of Roentgen 
treatment (Jan 24 to Feb 21, G16, Gl7, G20, and G26), and is 
followed by a slight mcrease after a week of rest, suggests the pos- 
sibihty that the Roentgen ray may have a depressmg effect on 
the cholesterol value in the blood Similar changes were found 
to occur durmg the third penod The present data are still too 
meager to furnish any conclusive evidence although they appear 
to be m accordance with Soper's (25) observations on the effect 
of mesothonum rays on the cholesterol value m the blood of rab- 
bits Soper reports a decrease of the cholesterol content in his 
animals after mesothonum treatment, but considers it too shght 
to be significant smee it was not corroborated by histologic 
changes m the spleen The short duration of his experiment (9 
to 11 days) and the fact that several organs play a part m the 
regulation of cholesterol metabohsm might explam his results 
If, however, the reduction of the cholesterol content by Roentgen 
rays should become more marked m the course of my experiments 
or be confirmed by mdependent studies, it nught furnish valuable 

’ Though the anunals were kept in stalls w a rmed bj the central heat- 
ing Biutem, there iras an outside run in which they spent a great part of 
the daj, apparcntlj b> preference 
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Cholesterol Content of Blood 


The interpretation of the results obtained during this penod 
IS extremely difficult owing to the number of mtercurrent factors, 
the effect of which on the cholesterol content of the blood can be 
merely guessed, smce at present data for comparison are not 
available and can be obtamed only by further mvestigations On 
the other hand, the conclusion which seemed warranted by my 
observations dunng the first penod, tnz , the mcrease of the cho- 
lesterol value by cholesterol feeding and the decrease of the cho- 
lesterol value by mange, appear to be corroborated 
Thus, G19 (Group A), which already had the highest choles- 
terol values dunng the previous penod, will agam be found to 
have higher values than any of the other animals, and G21, which, 
although it had responded to the cholesterol feeding previously, 
had done so to a lesser degree, agam shows a general mcrease m 
the cholesterol content of its blood, less marked than the mcrease 
found m the other animal of the same group Closer exarnma- 
tion of the curves m Rgs 3a, 3b, and 3c reveals the influence of 
the mtercurrent factors referred to above Thus, in the case of 
G19, a severe recurrence of mange on the shoulder explams the 
drop of the cholesterol value on Nov 22 It will be seen that 
the value went up with the disappearance of the mange More- 
over, the cholesterol dropped agam dunng the followmg weeks, a 
decrease that may be partly accounted for by another recurrence 
of the mange All the goats except G16 and G20 were affected 
In the case of G19, another factor which undoubtedly influenced 
the cholesterol content from Dec 13 onward must be considered, 
tnz , the formation of a cyst-like swellmg which had become large 
enough to be noticeable on Dec 30 This swelling was located 
near the nght nostril, extended over the upper bp, and measured 
about 2 cm in diameter Shght fluctuation was present at first, 
suggestmg that it might be an abscess The fluctuation then 
disappeared, and the swellmg assumed a tumor-hke aspect To 
ascertam the exact nature of the tumor, it was lanced on Jan 17, 
and found to contain pus A small quantity (1 2 gm ) of tlic pus 
was taken for chemical analysis, and the remainder left to be re- 
absorbed by the animal A test of the pus for cholesterol showed 
the cholesterol value to be ten times that of the blood and seemed 
to warrant the assumption that the abscess was a “deposit” for 
the mcreasmg surplus cholesterol m the blood This supposition 
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from cholesterol feeding and the decrease resulting from mange 
observed m the first period has been confirmed by the findmgs 
m the second penod 

2 The effect of the Roentgen rays cannot yet be determmed 
defimtely owmg to the influence of mterrurrent factors, the re- 
sults suggest the possibihty of a decrease of cholesterol values m 
the blood due to Roentgen treatment 

3 The effect of combmed Roentgen treatment and cholesterol 
feedmg suggests that these factors may neutralize each other, but 
the influence of mtercurrent factors makes d efini te conclusions 
premature, and emphasizes the need of further mvestigations 

Third Penod — ^Durmg this penod the effect of castration was 
studied as an additional factor The measure was suggested by 
the influence on mahgnant conditions of the “cancer age,” tnz , 
the age at which reproductive activity decreases It will be 
remembered that the prmcipal aim of the experiment was the 
reproduction of mahgnant proliferation One goat of each one of 
the three groups referred to m the discussion of the second penod 
was castrated Thus, m Group A (cholesterol feedmg alone) 
Gl9 was castrated, and both goats belongmg to this group con- 
tinued to be fed 0 30 gm of cholesterol daily, m Group B G16 was 
castrated, and both animals belongmg to this group (Gl6 and 
G26) contmued to be treated with the same doses of Roentgen 
rays, m Group C the male (G20) was castrated, and the com- 
bina ion of Roentgen treatment and cho esterol feedmg was 
contmued as before 

In order to verify previous observations on the changes m the 
cholesterol content caused by anesthesia, samples of the blood 
were taken from 10 to 15 mmutes after the goats had been given 
i gram of morphme, before the administration of the anesthetic, 
and agam on completion of the operation when the animal was 
still m narcosis In every instance there was a decrease m the 
cholesterol content below the value obtamed before the anesthetic 
was given and similar to the decrease observed m dogs (jPig 4) 
An additional test was made with the blood of G16, taken 5 mm- 
utes after the beg innin g of anesthesia (the ammal bemg com- 
pletely unconscious) and demonstrated the fact, observed also 
m experiments on dogs, that anesthesia is at first accompanied 
by an mcrease of the cholesterol content, but that lower values 
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information concemmg the beneficial effect of the Eoentgen rays 
on mahgnant conditions, smce the stimulatmg effect of choles- 
terol on cell proliferation demonstrated experimentally, and the 
high cholesterol values found in the blood of a number of cancer 
patients, seem to mdicate that there may be a close connection 
between disturbances of cholesterol metabohsm and mahgnant 
growth 

The possible effect of extreme and sudden changes of temper- 
ature on the cholesterol content of the blood has been mentioned 
in the discussion of Group A 

In Group B, the mfluence of mange on the cholesterol values 
IS but famtly mdicated G26 alone had a shght recurrence, and 
it IS difficult to decide whether the drop from 0 160 to 0 150 per 
cent (Dec 13 to 20) is to be attnbuted to the disease or to the 
Roentgen treatment On Jan 10 G16 developed about half a 
dozen small abscesses m the mgmnal region, none of which were 
larger than a pea These abscesses cleared up without treat- 
ment and on Feb 7 bad completely disappeared As the postules 
were too small to permit the takmg of any pus for chemical analy- 
sis, it is impossible to say whether their reabsorption could have 
caused the changes found m the cholesterol value on Jan 10 and 
17, or were m any way comparable to the abscess on the nose of 
G19 

By combining Roentgen treatment with cholesterol feeding 
(Group C) I hoped to ascertam which of the two forms of treat- 
ment exerted the greater influence on the cholesterol content of 
the blood The time allowed for this part of the expenment, 4 
months, seemed amply sufficient to warrant definite results 
However, the cholesterol values registered do not furnish conclu- 
sive data, although they suggest that Roentgen treatment and 
cholesterol feedmg may have neutrahzed each other, subsequent 
mvestigations will have to settle this pomt In regard to para- 
sitic infection, a shght recurrence of mange (G17, Dec 13 to 20) 
appears to corroborate my previous findmgs, but another factor 
wiU also have to be considered, vtz , the influence of pregnanci 
m combmation with Roeiltgen treatment and cholesterol feeding 
This will be discussed briefly m connection with the third period 

Summarizmg bnefly the foregomg 

1 The increase m the cholesterol value of the blood rcsultmg 
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from cholesterol feedmg and the decrease resultmg from mange 
observed m the first period has been confirmed by the findmgs 
m the second penod 

2 The effect of the Roentgen ra\^ cannot yet be determmed 
defimtely owmg to the influence of intercurrent factors, the re- 
sults suggest the possibihty of a decrease of cholesterol values m 
the blood due to Roentgen treatment 

3 The effect of combmed Roentgen treatment and cholesterol 
feedmg suggests that these factors may neutralize each other, but 
the influence of mtercurrent factors makes d efini te conclusions 
premature, and emphasizes the need of further mvestigations 

Third Penod — ^Durmg this period the effect of castration was 
studied as an additional factor The measure was suggested bj 
the influence on mahgnant conditions of the “cancer age,” wz , 
the age at which reproductive activity decreases It will be 
remembered that the principal arm of the experiment was the 
reproduction of mahgnant proliferation One goat of each one of 
the three groups referred to m the discussion of the second period 
was castrated Thus, m Group A (cholesterol feedmg alone) 
G19 was castrated, and both goats belongmg to this group con- 
tmued to be fed 0 30 gm of cholesterol daily, m Group B G16 was 
castrated, and both animals belongmg to this group (G16 and 
G26) contmued to be treated with the same doses of Roentgen 
rays, m Group C the male (G20) was castrated, and the com- 
bma ion of Roentgen treatment and cho esterol feedmg was 
contmued as before 

In order to verify previous observations on the changes m the 
cholesterol content caused by anesthesia, samples of the blood 
were taken from 10 to 15 mmutes after the goats had been given 
i gram of morphme, before the administration of the anesthetic, 
and agam on completion of the operation when the animal was 
still m narcosis In every instance there was a decrease m the 
cholesterol content below the value obtamed before the anesthetic 
was given and similar to the decrease observed m dogs (Fig 4) 
An additional test was made with the blood of G16, taken 5 mm- 
utes after the begmnmg of anesthesia (the animal bemg com- 
pletely unconscious) and demonstrated the fact, observed also 
m experiments on dogs, that anesthesia is at flrst accompanied 
by an mcrease of the cholesterol content, but that lower values 
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Fia 4 The effect of anesthesia on cholesterol values Goat 16, ° ° ” 
Goat 19, , Goat 20, 

occur after the anesthetic has been given for some tune The 
length of this period appears to vary m different animals. Ex- 
periments on the effect of anesthesia on the cholesterol content 
of the blood are still m progress The mfluence of the operative 
procedure itself need not be taken mto consideration, since m our 
experiments on dogs the above results were obtamed by means of 
the anesthetic alone 

The effect of castration is illustrated m Figs 6a, 5b, and 6c 
In Groups A and B mcrease of the cholesterol content followmg 
castration may be observed by comparing the values of the cas- 
trated and the non-castrated animal In Group C the difference 
IS less marked as the mtercurrent factor of pregnancy m the ani- 
mal mtended for a control (G17) is likely to have increased the 
cholesterol values 


During the third period (Figs 6a, 5b, and 5c) the highest cho- 
lesterol values of all were found m the blood of G19 (cholesterol- 
fed and castrated), the lowest values were found m the blood of 
G26 (no castration, Roentgen treatment only), while mtenncdiate 
values could be observed m the blood of G16 (Roentgen treat- 
ment and castration) 

It is further mterestmg to note that although the cholesterol 
value of G19 dropped as low as that of G20 (0 186 per cent) after 
anesthesia, the animal receivmg cholesterol only went up to 0 330 
per cent during the week foUowmg operation, whereas G20 which 
received cholesterol m combmation with Roentgen treatment 
went down to 0 130 per cent 




■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

laBBBBBBBBBB Baa aBBBBBBBBBBBrnntBBBBKMtBBBBBBBBPABBBBBBBl 
rBBSflanBflflBnaBflaBBBBBBBBBMffllBBBBbBtBBBBBBBBMaPBBBBBBl 
laBVBaaaaaaaaaaaflaBaaaaaaaaBatiivaaaaaiaaBaaaBBBBBBBaaaal 
laiaBBaBaaaaaBBaBaaBBBBBBaaaBflBaaaaaatiBaBaaaaBBBBnaBaaal 
laiaaBUBflBBnflBBaaaaaaaaaBBBaBBBaaBBiiBBBBBBBBBBBBBBaBal 
^-’naaaaMBaBaBBBaaBaBaaaaaaiaBtaaaaaitaaaaaBBBBBaBBar — ” 

iBBaaaaBaBaiiiBaaaaBaaaBaaittatfeaaBBitaaBBaaaaaBBaBai. 

aaaaaaaaaaaaaaf BwaaaaBBaaaBaiiBaiiaaaBB'aaaaaaaaaaaaaaaaaal 
naaaaaaaaaBaaBiiBVBBaaaaaBBBB/iBaiiBaaaBtBaBBBaaaaaaaBaBaal 
iaaaa 8 aBaaBraaiia)iaaaaBaBBaBaaBBt«BaaBB 8 BBaBaBaaaBBBBBaal 


ana 


JdtaaBBBaBBBBBBBBBBBl 

aaBaaBaaaaaaafltaaanaaaaaaaBiBaaaiiaBataaaBBBaaaBBBBBBBBal 
BaaaBaaaaBaBaBaaaBaaaaaaaaaBaaBamaiiaBBBBBBaaBBBBaBaBal 
-'aaaa ■aaaaBBaaaBaaaaaBaaaaraBBaataaaliaaaBaaaaaaBBBBBi * 

IBBBBtlBaBBBaBaBBaBBlIBBBBBBirBBBBBBBBaiBBBBBBBBaBBBBBBl 
laaBBlIBBBaBaBaBBaBMBaBBBBIfaBaaBBBBBBBaaxaaBBBBBBBBBJ 
88BBBItBBBanBaBBBBBB.lBBBB»IBBBaBBBBBaBBMBBBaBllBBB8BBU—_ 
BBBaaitBBBBaBBIBBBaaaBaBBBBIBBBBBMBBBBBlIBBBBBBBBBBBaBBal 
BBBBaiTBaBBBBBI.'BBBBBaBV'aaBaBBBBaBBlIBBBBBMBBBBBBaBBBBBBBBl 
aBBBaiaBBaBBBIiaaBaBBaaBBBIBBBBBBBItBBBBBaBBBBBBWBBaBBBBBl 
BBBBBIBBaBBBBlIBBBBaBaBk'aBrfBBBBBBBtBBBBBaBBBBBBABBBBBBBBl 

BaBBBaBBBBBBBlIBBaBBBBaBkiariBBBBBBBaBtB 

aBBBatBBaBBBaiiBaaaaaBBBBB aBBaaBBaBBiiB 

BaBBBBBBBBBBVaaBBaBaaBBBL'BBBBBBBBBBlia 

BBa88BBaBBBBBIBBaBBaBBaB8BBBBBBBBmill8BiaiBBaaBBaB«iBaaa«l 

IBBBBaBBBaBBBBaaBaaBBBBBBaaBBBBaaBBIl'IBBlIBBBBaBBBBnaBBnal 

'BBBaaaiBaBBBBBBBaB88aaBBBB8aaBaBBBIIIBBfB|BBBSaBBBrBBBBBB| 

laBaBaBiiaaBaBBBBBBaaaaBBBBBBaaBBBBii'aBaBBBBBaBaBBBnaaajiBl 
aaBBBBnBBBaaBaaBBaaaaBBBBBBBaBBBBBBBaBBBBBBBBaaBBBBBnal 
BBBBaBliaBBBBiaaaaaaflaaBBBBBBBBBaBBBBBaBBBBBBBaBBBBBaiBBl 
BBBaaBiiBaBBaiaaaaBBaBBaBaBaaaBBaaaBBBrBBaBBBBBBBBBBaaaal 
BaaaBBlIBBaaBliBBBaBaaBIBBBBBBBBBaBBBBBriBBaBBBBBBBBBBBaaal 
aBaBBBiaBBBailB8BaBaaaiBBBBBBaBB88aBaBnBB8BBBBBaBBaBBaBal 
aaBBBBCBaBBarfaaaaaaaaflaaaBBaaBBaaaaaBiiaaaaBaaaaBBaaaaBal 
BBaaaBB8aBBBIIBaBaBaBB8aaBBaBB8BaBBBB«aBBBBBBBBBBBBBBBBal 
BBBBBaBBBBBBIiaaBBaBBBBBBBBBBBBBaBBBBaBBBBBBaBBBBBBBaaaBl 
Baaaa8BBBB8BIB8aBaBBaBBBBBBBBBBBBaBBBaBBBBBBBBBB8aaBBBal 
aBBBBaBBaaBBiaaBBBaBaBBBaBBBBBBaBBBBaBBBBBBaBBBBBBBBMal 
aBBaaBBiaBaaBBa8aa88BBBaBBBBaaBaBBBBt.BaBaBBBBaBBBBaBBBal 
iaaaBBBB-.iaSBBBBBaaa8BBaaaaBBBBBBaBBBBaB8BBBBBBBBBBBaBBBBl 
'aBBaaBBIiaBBBBaaBaBaBBBBBBBBBaBBBaaBBtfaaBBBBBBBBBBBBBBBBl 
aBBBaBBlIBBBBBBaaaBaBBBBBBBBBBBBBBBBBnBaaaBBBBBBBBBBBaBBl 
B88BBBBlia88eB8BBBB8aaBBBBBBBBBBaBBBB.*IBBaBBBBBB8BaBBBBaal 
BBaBBBBUBBBtaBBBaaBaBBaBBBBBBBBBBBBBBBBaBaBBBaBaaBBBBBal 
BBBBBBaaBBBIflBBBBBBBBBaaBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBal 
aaBBaBBfBBBlIBBBBaaafllBBBBBBBBBBaBBBBBBBBBBBBBaBBBBaBaBBl 
MBBBaBBBBBIIBaBBBBBBVBBBBBBBBaBaBBBBaBBVBBBBBaBBBaaBBBal 
BaBBBBBBBBBlIBBaBBaBlfBBBBBBBBBBBaBBBraBBBBBBBBaBBBBBBaaal 
BBaaBBBBBBBlIBBBBBBaUBBBBBBBBBaaaBBBiaaBBBBBBBBaBBBBBBaal 
BBBBBBaaBaailBBBBBmBIIBtBaBBBBBBBaaBaBBBBBBBBBBaBBBBBaaaBl 
iBBBBBaBBBaViaaflBBBBIBBBBBBBBBaBaBaailBBBBBaBBBBBaaaaBBBal 
lBaBaBBBB:lBVIBflaaBBaB88k«aSaBBB8BBBBBaBBBBaaBBBBBBaBfBB8Bl 
;BBBBBB8BIIBaiBBaBiBBaBaa«aBBBBBBaBBBBBBaBaa8BBBBBB88BEBBl 
'88BaaBaBliaBIBaBaBBBaaB8B8BaBBBBBBBBBBBBBBaaaBBBBBBBBBBal 
|8aaaaBaBliaBBBBaB8atBia8BMBBBB8Baar:»BBBBBBBBBaBBBBBB8aBal 
laB8B8BBBta8BBB88Mfl8aaaraBBaBBBI^BBBBBBBBaBaBBBBBl * 


iBaBBaaaBaBaaaBBaBBNaaBaBaaBaBarwBBBBBBBBBBBBBBnaaBBaBal 

aBBaafBBiaaB888Ba«laaaaBJBBBBi«aaBBBBaBBBBBBBBBUBBBBB8Bl 

BaaBauaBBBBaaaaBBBaaaBBBiiaa&BBBBaBBBiBBBBBaBBBBBBaaBaBBl 

BBBBBBBBBaiaBaaBaaaaBBUBr^aBBBaBBBBBBBBaBaBBBaBaaaaBaal 

BBBBBB-aB**<*"*I*»MBWBaaBaaBaBaBBaB8BBBaaBBaBBBaBBaBaal 

aBBEaBIWBBIMBBiBBBaaBflBBBBBBaBBBBBaBaaaiBBBBBBaaBBBBaaBl 

iBaaaalBBmiiBaaBBBaaaaBaaaBBBaBBaBBBBBBaaaBBBBBBBaaBBBBal 

'BBBBBBBBaiiiiBiBiBaiaaaBaaaBBBBaBaBaaBBBBBBaaBaBBBBBaaBsal 

,aBaBBB8i\aiii«aEEEBaiiaaaflaBBaBBaBBaBBBa8BBBBBBBBBBaaBBBB8a| 

BBBaaBaBaitliaBBaaaMaaaaBBBaaBBBBaBBBBBBaaBBBBBBBBBBBBBBBl 

aaBBBBBBlinlBaaiaaaaiBBaBBaBBBBaBBBBaBBBBBBBBBBBBBaBBBBBl 

iBBaBaBBBlnraaaBiaaaBaBBBBBBaBBBBaBBBBBBaaBBBBBaBaaaBBBBal 


^UBaaaflBBBBaaaBBaaBBBaBBBBBBBBBBaBBBaBBal 

^ 8 BBian 88 aaBiiaaaa 8 BaBBaaBBBaBS 8 BBBaaBBBBBaBBBaaaBBs| 

iBaBBaBaBlaBaaaaaaaBaBaaBBBBBBBBaBaaaaBBaBBBBBaBBBBBaBBBl 
' — BBaaaBaBaaBBBBBBBaBBBBBBaaBBBBBBBBBBBBBBaff 


BBBBBaBBna 

BBBaaaaaaBB 


Fia 6 a. Cholesterol values for Group A, Penod III The effect of 
cholesterol feeding (Goat 21, — — — ) and of cholesterol feeding and 
castration (Goat 19, ) 


287 


288 


Cholesterol Content of Blood 



Fia 5 b Cholesterol values for Group B, Period III The effect of 
Roentgen ray treatment (Goat 26, } and of Roentgen ray treatment 

and castration (Goat 16, X indicates Roentgen ray treatment 
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Fio 5 c Cholesterol values for Group C Period III The effect of 
cholesterol feeding, Roentgen ray treatment and pregnancy (Goat 17, 
) and of cholesterol feedmg, Roentgen ray treatment and castra- 
tion (Goat 20, — — — ) X indicates Roentgen ray treatment 
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Fio 6 b Cholesterol values for Group B, Period III The effect of 
Roentgen ray treatment (Goat 26, ) and of Roentgen ray treatment 

and castration (Goat 16, ° ° X indicates Roentgen ray treatment 
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demonstrated at the beginning of the 5th month Bacmeister 
and Havers (2) observed a similar change m the bile of pregnant 
bitches As far as could be ascertamed no other data have been 
published on the subject 

In my experiment the changes found m the blood of G17 dur- 
mg pregnancy are difiBcult to account for, because of additional 
factors (t e , cholesterol feedmg, Roentgen treatment) On the 
whole, the values seem to be shghtly higher That the mcrease 
IS not more pronounced may be due to the Roentgen treatment, 
to which the organism rmght be particularly sensitive durmg 
pregnancy As m other instances my observations on this pomt 
wdl have to be verified by future experiments 

In the hght of recent studies on the stimulation of cell division 
by cholesterol, the influence of pregnancy and of castration on the 
cholesterol content of the blood would seem to be significant, m 
pregnancy the mcrease of the cholesterol values might be mter- 
preted as a physiologic measure calculated to stimulate cell 
division m the embryo, while m castration ehmmation of the re- 
productive organs (m which cell proliferation is more constant 
than m any other part of the body) might be expected to result m 
a surplus of unused cholesterol 

The results mdicated by my observations durmg the third 
period may be summarized as follows 

1 Anesthesia appears to reduce the cholesterol content of the 
blood 

2 Castration tends to mcrease the cholesterol values, the m- 
crease of body fat observed m castrates and the fact that choles- 
terol IS stored m the body fat are m accordance with the apparent 
effect of castration 

3 The highest cholesterol values were found m the castrated 
and cholesterol-fed goat, the lowest values m the animal that had 
not been castrated and had received diffuse Roentgen treatment 
only, while mtennediate values occurred m the animal that had 
been castrated and treated with Roentgen rays These facts 
seem to support the assumption that castration mcreases and 
Roentgen treatment tends to reduce the cholesterol content of the 
blood 

4 The shght but steady mcrease of cholesterol found m the 
blood of the goat which received diffuse Roentgen treatment 
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These observations seem to suggest that castration and choles- 
terol feeding both tend to mcrease the cholesterol content of the 
blood, but that the Eoentgen rays, as has already been suggested, 
appear to have a depressmg influence on the cholesterol values, 
the latter deduction being corroborated by the alternating effect 
of the week of Roentgen treatment (decrease) and the week of 
rest (mcrease) which became more marked dunng this period 
The fact that G26, receivmg Roentgen treatment alone and 
havmg the lowest cholesterol value of all, appears to be slowly 
mcreasmg his cholesterol percentage may perhaps be explamed 
as follows It IS well known that the reproductive cells m the 
sex glands are particularly sensitive to the Roentgen rays and that 
animals can be castrated by Roentgen tteatment alone Pro- 
longed exposure to the rays, even when extremely small doses 
are used, may therefore result in permanent mjury, if not m the 
destruction of the reproductive cells 
It IS possible that the total number of Roentgen ray umts 
(approximately 150 nulhampere mmutes of diffuse treatment, wide 
open diaphragm) which G26 received m 6 months, may have 
sufiBced to produce changes m the sex glands of the animal, and 
that the mcrease of the cholesterol values found m its blood are 
the first mdication of theso histologic changes However, micro- 
scopic exammation of the tissues will have to furmsh conclusive 
evidence on this pomt 

The sudden drop observed m the cholesterol percentage of G16 
on March 27 (from 0 302 to 0 216 per cent) may have been due 
to the effect of the Roentgen treatment during the week preced- 
mg this entry However, as the animal had been lymg down a 
good deal, appeared listless, and had been feedmg badly for 3 
days, the influence of a slight ailment followed by spontaneous 
and complete recovery must also be considered, especially as the 
cholesterol values remamed constant durmg the followmg weeks 
A recent publication by Loewenthal (19) on the effect of cas- 
tration on the blood of rabbits appears to corroborate my findings 
as regards the mcrease of the cholesterol content m the blood of 
goats 

The effect of pregnancy on the cholesterol values m women has 
been studied by Neumann and Herrmann (26), Aschoff (3), and 
Autenrieth and Funk (27), they report that an increase can be 
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demonstrated at the beginning of the 5th month Bacmeister 
and Havers (2) observed a similar change m the bile of pregnant 
bitches As far as could be ascertamed no other data have been 
published on the subject 

In my experiment the changes found m the blood of G17 dur- 
mg pregnancy are difficult to account for, because of additional 
factors (i e , cholesterol feedmg, Roentgen treatment) On the 
whole, the values seem to be shghtly higher That the increase 
IS not more pronounced may be due to the Roentgen treatment, 
to which the organism might be particularly sensitive dunng 
pregnancy As m other instances my observations on this pomt 
will have to be verified by future experiments 

In the hght of recent studies on the stimulation of cell division 
by cholesterol, the influence of pregnancy and of castration on the 
cholesterol content of the blood would seem to be significant, m 
pregnancy the mcrease of the cholesterol values might be mter- 
preted as a physiologic measure calculated to stimulate cell 
division m the embryo, while m castration elimination of the re- 
productive organs (m which cell proliferation is more constant 
than m any other part of the body) might be expected to result in 
a surplus of imused cholesterol 

The results mdicated by my observations durmg the third 
penod may be summarized as follows 

1 Anesthesia appears to reduce the cholesterol content of the 
blood 

2 Castration tends to mcrease the cholesterol values, the m- 
crease of body fat observed m castrates and the fact that choles- 
terol IS stored m the body fat are m accordance with the apparent 
effect of castration 

3 The highest cholesterol values were found m the castrated 
and cholesterol-fed goat, the lowest values m the animal that had 
not been castrated and bad received diffuse Roentgen treatment 
only, while mtermediate values occurred m the animal that had 
been castrated and treated with Roentgen rays These facts 
seem to support the assumption that castration mcreases and 
Roentgen treatment tends to reduce the cholesterol content of the 
blood 

4 The shght but steady mcrease of cholesterol found m the 
blood of the goat which received diffuse Roentgen treatment 
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alone recalls the fact that the Roentgen rays may destroy the 
reproductive cells to an extent equalling castration, and suggests 
that the increase itself may be due to the destruction of the re- 
productive cells m this animal The observation will have to be 
corroborated by microscopic findings 

6 The mfluence of pregnancy on the cholesterol content of the 
blood, though mdicated, is not sufficiently marked to permit defi- 
mte conclusions Whereas m the other goats cholesterol feed- 
mg and Roentgen treatment appeared to neutrahze each other, 
it IS possible that pregnancy rendered this animal more sensitive 
to the effect of the rays and that the latter factor preponderated 
and counteracted the mfluence of pregnancy Future observa- 
tions alone can furnish conclusive data 

Technical Details Concerning the Chemical Analysis of the Blood 
for Cholesterol 

The ongmal Autenneth-Funk (27) method was used at first 
to detenmne the cholesterol values of the blood m my expen- 
ments Towards the middle of the second penod parallel tests 
were made by Autenneth’s method and Bloor's (24) modification 
thereof, which was pubhshed at the time Latterly Bloor’s first 
modification has been used exclusively as it is much more simple 
and m many cases appears to give more accurate results Bloor’s 
(28) second modification has not been used, the omission of sapon- 
ification m the latter method gives somewhat higher values, and 
it was thought advisable to retain one standard m this senes of 
experiments 

The fault of Autenreith’s method to which Bloor has called 
attention, the occurrence of a brownish tmt m the reaction, mak- 
mg colonmetnc comparison difficult, though also observed by 
me m samples of pathologic human blood, has not given me any 
trouble m the tests made with goat’s blood In the latter m- 
stances both methods gave identical values with only a few ex- 
ceptions, when a difference occurred it never exceeded 0 025 per 
cent and the average values of a great number of readings by both 
methods have been recorded m the table (second penod, Jan 17 
to Feb 1) 

The test for cholesterol is based on a specific color reaction, 
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on addition of acetic acid anhydnde and sulfunc acid the color- 
less chloroform extract of the blood assumes a green tone, vary- 
ing m mtensity accordmg to the amount of cholesterol present m 
the blood The tune required for the reaction, mz , till the max- 
imum color mtensity is reached, m any test is 15 mmutes, accord- 
mg to Autenrieth and Funk (27), and Bloor (24), the reagents 
bemg left in the dark at a constant temperature of 35-37°C dur- 
mg that tune In the course of my mvestigations the followmg 
observations led me to modify the factors of tune and tempera- 
ture 

I found that the rapidity of the reaction vaned considerably m 
different blood samples,* the maximum color value bemg reached 
much more qmckly m one specimen of blood than m another un- 
der parallel conditions As the exact chemical nature of the 
process by which the color reaction is caused is not known, the 
assumption seems warrantable that the presence of other chem- 
ical substances besides cholesterol may retard or accelerate the 
reaction Every precaution has been taken to prevent recogniz- 
able factors (impurity of reagents, difference m temperature) 
from playmg a part m the occurrence of these variations To 
obtam data as accurate as possible by takmg the occurrence of 
these variations mto account, I have adopted the foUowmg pro- 
cedure 

The test is left m the dark* at room temperature for 5 min- 
utes only, after which it remains exposed to the hght, and 
readmgs with the Autenneth-HeUige colorimeter (control of the 
instrument with tests contauung pure cholesterol) are made at 
mtervals of 2 mmutes imtil the maximum color mtensity is reach- 
ed In some cases the maxmium value was found after two read- 
mgs, m others after ten to thirty readmgs, it remams constant for 
10 mmutes m some and for as long as 20 mmutes m others, after 
which the color begins to fade, givmg lower values It is obvious 

’I tested over 400 different blood samples dunng the last 6 months, 
the cholesterol value being deb rmined in normal human blood m hum- 
an blood under various pathological conditions, and in the blood of several 
species of experimental animals (dogs, goats, spermophiles) An aver- 
age of ten readings TTas made for each test, resultmg m a total of 4,000 
readmgs 

* 1 have found an ordmary microscope case very serviceable as a “dark 
cupboard ” 
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alone recalls tlie fact that the Roentgen rays may destroy the 
reproductive cells to an extent equallmg’ castration, and suggests 
that the mcrease itself may be due to the destruction of the re- 
productive cells m this animal The observation will have to be 
corroborated by microscopic findmgs 

6 The mfluence of pregnancy on the cholesterol content of the 
blood, though mdicated, is not sufficiently marked to permit defi- 
mte conclusions Whereas m the other goats cholesterol feed- 
mg and Roentgen treatment appeared to neutrahze each other, 
it IS possible that pregnancy rendered this animal more sensitive 
to the effect of the rays and that the latter factor preponderated 
and counteracted the influence of pregnancy Future observa- 
tions alone can furnish conclusive data 

Technical Details Concerning the Chemical Analysts of the Blood 
for Cholesterol 

The ongmal Autenrieth-Funk (27) method was used at first 
to determme the cholesterol values of the blood m my expen- 
ments Towards the middle of the second period parallel tests 
were made by Autenneth's method and Bloor’s (24) modification 
thereof, which was published at the time Latterly Bloor’s first 
modification has been used exclusively as it is much more simple 
and m many cases appears to give more accurate results Bloor’s 
(28) second modification has not been used, the omission of sapon- 
ification m the latter method gives somewhat higher values, and 
it was thought advisable to retam one standard m this series of 
experiments 

The fault of Autenreith’s method to which Bloor has called 
attention, the occurrence of a brownish tmt m the reaction, mak- 
mg colonmetnc comparison difficult, though also observed by 
me m samples of pathologic human blood, has not given me any 
trouble m the tests made with goat’s blood In the latter m- 
stances both methods gave identical values with only a few ex- 
ceptions, when a difference occurred it never exceeded 0 026 per 
cent and the average values of a great number of readings by both 
methods have been recorded m the table (second penod, Jan 17 
to Feb 1) 

The test for cholesterol is based on a specific color reaction, 
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on addition of acetic acid anhydnde and sulfunc acid the color- 
less chloroform extract of the blood assumes a green tone, vary- 
mg m mtensity accordmg to the amount of cholesterol present m 
the blood The time required for the reaction, viz , till the max- 
imum color mtensity is reached, m any test is 15 mmutes, accord- 
mg to Autenrieth and Funk (27), and Bloor (24), the reagents 
bemg left in the dark at a constant temperature of 35-37°C dur- 
mg that tune In the course of my mvestigations the followmg 
observations led me to modify the factors of time and tempera- 
ture 

I found that the rapidity of the reaction vaned considerably m 
different blood samples,* the maximum color value bemg reached 
much more qmckly m one specimen of blood than m another un- 
der parallel conditions As the exact chemical nature of the 
process by which the color reaction is caused is not known, the 
assumption seems warrantable that the presence of other chem- 
ical substances besides cholesterol may retard or accelerate the 
reaction Every precaution has been taken to prevent recogniz- 
able factors (impurity of reagents, difference m temperature) 
from playmg a part m the occurrence of these variations To 
obtam data as accurate as possible by takmg the occurrence of 
these vanations mto account, I have adopted the followmg pro- 
cedure 

The test is left m the dark* at room temperature for 5 mm- 
utes only, after which it remains exposed to the hght, and 
readmgs with the Autenneth-Heihge colonmeter (control of the 
instrument with testa contauung pure cholesterol) are made at 
mtervals of 2 mmutes untd the maximum color mtensity is reach- 
ed In some cases the maxmium value was found after two read- 
mgs, m others after ten to thirty readmgs, it remams constant for 
10 mmutes m some and for as long as 20 mmutes m others, after 
which the color begms to fade, givmg lower values It is obvious 

’ I tested over 400 different blood aamplea during the last 6 months, 
the cholesterol value being deti rmined in normal human blood m hum- 
an blood under vanous pathological conditions, and in the blood of several 
species of experimental animals (dogs, goats, spermophiles) An aver- 
age of ten readings -waa made for each teat, resulting m a total of 4,000 
readings 

* 1 haie found an ordinary microscope case very serviceable as a "dark 
cupboard ” 
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alone recalls the fact that the Roentgen rays may destroy the 
reproductive cells to an extent equalling' castration, and suggests 
that the mcrease itself may be due to the destruction of the re- 
productive cells m this animal The observation -will have to be 
corroborated by microscopic findmgs 

6 The influence of pregnancy on the cholesterol content of the 
blood, though mdicated, is not suflSciently marked to permit defi- 
mte conclusions Whereas m the other goats cholesterol feed- 
mg and Roentgen treatment appeared to neutralize each other, 
it IS possible that pregnancy rendered this animal more sensitive 
to the effect of the rayrs and that the latter factor preponderated 
and counteracted the influence of pregnancy Future observa- 
tions alone can furnish conclusive data 

Technical Details Concerning the Chemical Analysis of the Blood 
for Cholesterol 

The ongmal Autenneth-Funk (27) method was used at first 
to detenrune the cholesterol values of the blood m my experi- 
ments Towards the middle of the second period parallel tests 
were made by Autenneth's method and Bloor’s (24) modification 
thereof, which was published at the time Latterly Bloor’s first 
modification has been used exclusively as it is much more simple 
and m many cases appears to give more accurate results Bloor’s 
(28) second modification has not been used, the omission of sapon- 
ification m the latter method gives somewhat higher values, and 
it was thought adinsable to retain one standard m this senes of 
experiments 

The fault of Autenreith’s method to which Bloor has called 
attention, the occurrence of a brownish tmt m the reaction, mak- 
mg colonmetnc comparison difficult, though also observed by 
me m samples of pathologic human blood, has not given me any 
trouble m the tests made with goat’s blood In the latter m- 
stances both methods gave identical values with only a few ex- 
ceptions, when a difference occurred it never exceeded 0 025 per 
cent and the average values of a great number of readmgs by both 
methods have been recorded m the table (second penod, Jan 17 
to Feb 1) 

The test for cholesterol is based on a specific color reaction, 
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means of safety at their disposal in the organs that regulate 
cholesterol metabolism The adequacy of these organs, more- 
over, IS bUund to remam an unknown quantity m every animal 
as long as the animal is ahve Smce, comparatively speakmg, the 
study of cholesterol metabolism is a new field of mvestigation, 
data for comparison are scarce, if they are not entirely lackmg, 
as is the case m experimental work of this kmd done on goats 
However, although my experiment is still m progress, some of 
the results obtamed so far by measures calculated to disturb 
the cholesterol balance seem to be encouragmg, and I hope to 
publish these shortly 

smoiAHT 

1 The average normal cholesterol content of the blood m 
goats, though not defimtely established, appears to be from 
0 186 to 0 216 per cent 

2 The cholesterol content of the blood can be mcreased by 
cholesterol feedmg 

3 Diffuse Roentgen treatment appears to lower the cholesterol 
content of the blood, but conclusive evidence will have to be 
furnished by future experiments The beneficial effect of Roent- 
gen treatment m mahgnant conditions, the mcrease of the choles- 
terol content observed m the blood of patients suffermg from 
mahgnant disease, and the stimulation of cell division by choles- 
terol demonstrated by recent experiments, suggest that the 
study of the influence of the Roentgen rays on the cholesterol 
content of the blood may be of considerable value 

4 Castration tends to mcrease the cholesterol values, which 
may explam the mcrease of body fat found m castrates and after 
the cessation of reproductive activity, smce the storage of choles- 
terol m the body fat has been demonstrated 

5 The mcrease of the cholesterol content of the blood m preg- 
nancy, reported by others, has been found mdicated m my experi- 
ment, although mtercurrent factors forbade definite conclusions 

6 The normal process of growth m the embryo caused by 
cell proliferation and the effect of cholesterol on cell division 
referred to above may explam the mcrease of the cholesterol 
content of the blood durmg pregnancy 
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that a test which reaches its maxunum value after two readiags 
or 4 minutes, and in which the maximum remams constant for 8 
mmutes only, will already have begun to fade when the first read- 
mg IS made after 15 mmutes, and that, therefore, the value ob- 
tamed will be lower than would be warranted by the amount of 
cholesterol present m the blood When the reaction is of the 
rapid type descnbed above, it is advisable to make two, three, 
or even four testa with different portions of the same extract, the 
same maximum value will be constant for the same length of tune 
m these different portions, and the figures recorded m the tables 
wdl represent TnaximuTn values which remamed constant for at 
least four consecutive readmgs at 2 mmute mtervals each 

Another observation which caused me to adopt the above 
techmque was that some tests assume a decidedly 3^11ow-green 
tmt (not the brown tone referred to by Bioor) when left m the 
dark longer than 5 minutes This tmt differs matenally from 
the emerald green of the pure cholesterol reaction and makes 
accurate colonmetnc readmg difficult I noticed, however, that 
the exact shade required for matchmg the control color (either 
pure cholesterol or the flmd of the Autenneth-Helhge colorimeter) 
can be obtamed by exposmg yellowish tests to strong dayhght 
(near a wmdow), whereas tests that are shghtly too blue-green 
can be corrected by puttmg them m the dark for a couple of 
mmutes The actual values are not affected by the change of tmt 

DIBCtlBBION 

Although the data furnished by the observations reported m 
this paper are by no means conclusive, they seem to suggest 
problems worth studymg, viz, the effect of Roentgen rays on 
the cholesterol content of the blood m relation to mahgnant 
conditions, the mfluence of the organs of reproduction on choles- 
terol metabolism, and the effect of bacterial or parasitic m- 
fection The fact that the primary object of my experiment 
was the study of possible factors m mahgnancy rather than the 
study of cholesterol values for themselves, will, I think, suffi- 
ciently explain the indetemimate nature of most of my deduc- 
tions It must be remembered also that the animals used for the 
experiment were young, healthy, and of a species endowed with 
a remarkable power of resistance and recuperation, havmg many 
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means of safety at their disposal in the organs that regulate 
cholesterol metabolism The adequacy of these organs, more- 
over, IS bound to remain an unknown quantity m every animal 
as long as the animal is ahve Smce, comparatively speakmg, the 
study of cholesterol metabolism is a new field of mvestigation, 
data for comparison are scarce, if they are not entirely lackmg, 
as IB the case m experimental work of this kmd done on goats 
However, although my experiment is still m progress, some of 
the results obtamed so far by measures calculated to disturb 
the cholesterol balance seem to be encouragmg, and I hope to 
publish these shortly 

SDMMABT 

1 The average normal cholesterol content of the blood m 
goats, though not defimtely established, appears to be from 
0 186 to 0 216 per cent 

2 The cholesterol content of the blood can be mcreased by 
cholesterol feedmg 

3 Diffuse Roentgen treatment appears to lower the cholesterol 
content of the blood, but conclusive evidence will have to be 
furnished by future experiments The beneficial effect of Roent- 
gen treatment m mahgnant conditions, the mcrease of the choles- 
terol content observed m the blood of patients suffenng from 
mahgnant disease, and the stimulation of cell division by choles- 
terol demonstrated by recent experiments, suggest that the 
study of the influence of the Roentgen rays on the cholesterol 
content of the blood may be of considerable value 

4 Castration tends to mcrease the cholesterol values, which 
may explam the mcrease of body fat found m castrates and after 
the cessation of reproductive activity, smce the storage of choles- 
terol m the body fat has been demonstrated 

5 The mcrease of the cholesterol content of the blood m preg- 
nancy, reported by others, has been found mdicated m my experi- 
ment, although mtercurrent factore forbade defimte conclusions 

6 The normal process of growth m the embryo caused by 
cell proliferation and the effect of cholesterol on cell division 
referred to above may explam the mcrease of the cholesterol 
content of the blood durmg pregnancy 
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that a test which reaches its maxunum value after two readings 
or 4 minutes, and in which the maximum remams constant for 8 
mmutes only, will already have begun to fade when the first read- 
mg IS made after 15 mmutes, and that, therefore, the value ob- 
tamed will be lower than would be warranted by the amount of 
cholesterol present m the blood When the reaction is of the 
rapid type descnbed above, it is advisable to make two, three, 
or even four testa with different portions of the same extract, the 
same maximum value will be constant for the same length of tune 
m these different portions, and the figures recorded m the tables 
will represent maximum values which remamed constant for at 
least four consecutive readmgs at 2 mmute mtervals each 

Another observation which caused me to adopt the above 
technique was that some tests assume a decidedly yellow-green 
tmt (not the brown tone referred to by Bioor) when left m the 
dark longer than 6 mmutes This tmt differs materially from 
the emerald green of the pure cholesterol reaction and makes 
accurate colonmetnc readmg difficult I noticed, however, that 
the exact shade required for matchmg the control color (either 
pure cholesterol or the fluid of the Autenneth-Helhge colorimeter) 
can be obtamed by exposmg yellowish tests to strong dayhght 
(near a wmdow) , whereas tests that are shghtly too blue-green 
can be corrected by puttmg them m the dark for a couple of 
mmutes The actual values are not affected by the change of tmt 

DISCUSSION 

Although the data furnished by the observations reported m 
this paper are by no means conclusive, they seem to suggest 
problems worth studymg, mz , the effect of Roentgen rays on 
the cholesterol content of the blood m relation to mabgnant 
conditions, the mfluence of the organs of reproduction on choles- 
terol metabolism, and the effect of bacterial or parasitic m- 
fection The fact that the primary object of my experiment 
was the study of possible factors m mabgnancy rather than the 
study of cholesterol values for themselves, will, I thmk, suffi- 
ciency explain the indetermmate nature of most of my deduc- 
tions It must be remembered also that the animals used for the 
experiment were young, healthy, and of a species endowed with 
a remarkable nower of resistance and recuperation, havmg many 
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means of safety at their disposal in the organs that regulate 
cholesterol metabolism The adequacy of these organs, more- 
over, IS bound to remam an unknown quantity m every animal 
as long as the animal is ahve Smce, comparatively speakmg, the 
study of cholesterol metabolism is a new field of mvestigation, 
data for comparison are scarce, if they are not entirely lackmg, 
as IB the case m experimental work of this kmd done on goats 
However, although my experiment is still m progress, some of 
the results obtamed so far by measures calculated to disturb 
the cholesterol balance seem to be encouragmg, and I hope to 
publish these shortly 

S0MMAKT 

1 The average normal cholesterol content of the blood m 
goats, though not defimtely established, appears to be from 
0 186 to 0 216 per cent 

2 The cholesterol content of the blood can be mcreased by 
cholesterol feedmg 

3 Diffuse Roentgen treatment appears to lower the cholesterol 
content of the blood, but conclusive evidence will have to be 
furnished by future experiments The beneficial effect of Roent- 
gen treatment m mahgnant conditions, the mcrease of the choles- 
terol content observed m the blood of patients suffermg from 
malignant disease, and the stimulation of cell division by choles- 
terol demonstrated by recent experiments, suggest that the 
study of the influence of the Roentgen rays on the cholesterol 
content of the blood may be of considerable value 

4 Castration tends to mcrease the cholesterol values, which 
may explam the mcrease of body fat found m castrates and after 
the cessation of reproductive activity, smce the storage of choles- 
terol m the body fat has been demonstrated 

5 The mcrease of the cholesterol content of the blood m preg- 
nancy, reported by others, has been found mdicated m my experi- 
ment, although mtercurrent factors forbade defimte conclusions 

6 The normal process of growth m the embryo caused by 
cell proliferation and the effect of cholesterol on cell division 
referred to above may explam the mcrease of the cholesterol 
content of the blood durmg pregnancy 
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THE RELATION OF OXEDASE REACTIONS TO CHANGES 
IN HYDROGEN ION CONCENTRATION 

Br GUILFORD B REED 

{From the Laboratory of Plant Physiology, Harvard University, Cambridge ) 
fReceived for publication, September 11 1916 ) 

Biological oxidations are known to be markedly affected by 
acids and alkalies Loeb and Wasteneys^ have shown that when 
sufficient HCl to give a hydrogen ion concentration of 1 X 10”* 
ii was added to unfertilized Arhacia eggs corltamed in a balanced 
salt solution only about half as much oxj'gen was absorbed as 
was absorbed by the same eggs when m neutral solution On 
the other hand, when sufficient NaOH was added to give a hy- 
droxyl ion concentration of 4 2 X 10~* M the rate of oxy'gen absorp- 
tion was approximately doubled, and when the hydroxy] ion 
concentration was mcreased to 8 X 10~* two and three-fourths 
tunes more oxygen was absorbed than by the same eggs when 
in neutral solution Similar results have been obtamed m other 
cases 

It IS a natural assumption that alkah directly influences the 
mte of oxidation Several mvestigators have mdicated that the 
oxidases are affected bj"^ changes m the acidity of the solution 
m which they act Bertrand* found that laccase from Rhus 
^ccedanea actmg on guaiacol was completely^ inhibited when 
sufficient H^Oi was added to make the concentration 0 002 m 
A hderhalden and Guggenheim* found that tyxosmase from various 
sources was destroyed bj 0 01 m HCl and its action considerabty 
retarded by 0 01 m NaOH Wolff* has also pomted out that 
tyrosinase from Russula ddtca is most active when the solution 
IB neutral to phenolphthalem 

* Ijoeb, J , and Wastencys H , Biochem Z , 1911 vxxvu, 410 

* Bertrand, G , and Muttermilch, Compt rend Acad , 1907, cdiv 13M 

* Abderhnlden E , and Guggenheim, M , Z physiol Chem , 1907-03, 
bv, 331 

* Wolff, J , Compt rend Acad , 1909, cslvijt, 500 

299 




1 

THE RELATION OF OXIDASE REACTIONS TO CHANGES 
IN HYDROGEN ION CONCENTRATION 

Bt GUILFORD B REED 

(From the Laboratory of Plant Physiology, Harvard University, Cambridge ) 
CReceived for publication, September 11, 1916 ) 

Biological oxidations are known to be markedly affected by 
acids and alkabes Loeb and Wasteneys' have shown that when 
sufficient HCl to give a hydrogen ion concentration of 1 X lO-* 
M was added to unfertilized Arhacia eggs codtamed m a balanced 
salt solution only about haff as much oxj’^gen was absorbed as 
was absorbed by the same eggs when m neutral solution On 
the other hand, when sufficient NaOH was added to give a hy- 
droxyl ion concentration of 4 2 X lO”* m the rate of oxj^gen absorp- 
tion was approximately doubled, and when the h3fdroxjd ion 
concentration was mcreased to 8 X 10"* two and three-fourths 
times more oxygen was absorbed t h a n by the same eggs when 
in neutral solution S imila r results have been obtamed m other 
cases 

It IS a natural assumption that a lk a l i directly influences the 
rate of oxidation Several mvestigators have mdicated that the 
oxidases are affected by changes m the acidity of the solution 
m which they act Bertrand’ found that laccase from Rhw 
sticcedanea actmg on guaiacol was completely inhibited when 
sufficient HiSOt was added to make the concentration 0 002 m 
A bderhalden and Guggenheim* found that tyrosmase from vanous 
sources was destroyed bj' 0 01 m HCl and its action considerably 
retarded bj’’ 0 01 m NaOH Wolff* has also pomted out that 
tyrosmase from Rusmda deltca is most active when the solution 
IS neutral to phenolphthalem 

‘ Loeb J , and Wasteneys H , Biochem Z , 1911, xxxvu, 410 
’ Bertrand, G , and Muttenmlch, Compl rend Acad , 1907, cibv, 1385 
’ Abderhalden E , and Guggenheim, M , Z physiol Chtm , 1907-08, 
bv 331 

* Wolff, J , Compt rend Acad 1909 cdvip, 500 
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Oxidase Reactions 


In the experiments just mentioned the acidity or alkalinity 
was determmed by the amoimt of standardized acid or alkah 
added to defimte amounts of the solution contaimng the ferment, 
on the assumption that the dilution of the standardized acid 
by the mixture had the same effect as an equal dilution with dis- 
tilled water 

The writer finds that this assumption is mcorrect, as is clearly 
shown by determmations with a hydrogen electrode The fol- 
lowing example illustrates this 

An extract of potato (prepared by mnong equal volumes 
of grated potato and distilled water, allowing the mixture to 
stand for an hour, and filtermg) was added to an equal volume 
of 0 01 M HCl Smce the acid was diluted to twice the ongmal 
volume it would then be 0 005 m (Ch = 5 X 10“*) if the po- 
tato extract acted like distilled water The hydrogen electrode 
measurement, however, showed the concentration to be only 
5 X lO"”* The presence of the potato has therefore reduced 
the acidity to one-tenth, although the extract itself is very nearly 
neutral This effect is due to the protem present m the solution 
as well as the presence of other amphotenc electrolytes, mclud- 
mg probably phosphates and carbonates 

In view of this observation it seemed desirable to repeat some 
of the earher experiments to detenmne the real relation of the 
oxidases to acidity A potato extract, prepared by gratmg the 
tuber with an equal volume of water and quickly filtermg, was 
divided mto several portions of 60 cc each These were placed 
m beakers, and sufficient HCI or NaOH was added to give the 
hydrogen ion concentration (as measiued by the gas cham) shown 
m the first column of Table I These were then exposed at room 
temperature and the rate of oxidation of the naturally occurnng 
chromogen was followed by observmg the appearance of red and 
finally black colors It will be seen from the table that a hydrogen 
ion concentration of 5 5 X lO"* was sufficient to inhibit the 
reaction completely 

Immediately after addmg the acid to these extracts portions 
of 10 cc were removed and 1 cc of 2 per cent gum guamc tmcture 
was added to each The results stated m the last column of 
Table I mdicate that the same concentrations of acid which 
inhibited its reaction with the chromogen inhibit also the ox- 
idation of gum guaiac 
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TABLE I 


H fon concentration. 

Oxidabon of cbromoson. 

Oxidation of ffom 
ffualac, 5 xnm. 

12 hm 

24I1IV. 

1 6 X l&-> 

No color 

No color 

No color 

7 6 X lO-* 

ti tt 

tt tt 

tt tt 

5 5 X lO"* 

It U 

tt tt 

tt U 

1 6 X 10-* 

Faint 

Red 

Blue 

7 5 X 10-‘ 

Red 

Black 

Deep blue 

2 X 10-' 

Deep red | 

tt 

tt it 

1 X lO-*' 

Red 

tt 

tt ft 


To the three preparations, the oxidase action of which had 
been inhibited by contact with the acid for 12 hours, sufficient 
NaOH was added to neutralize to phenolphthalein Portions 
of 10 cc were then removed and mixed with gum guaiac, and the 
balance was exposed for another 12 hours From the results 
stated m Table 11 it appears that the highest concentrations of 
acid destroyed the ferments, smce neutrahzmg faded to revive 
them, the concentrations just sufficient to inhibit the oxidations, 
however, did not affect them irreversibly 


TABLE n. 


Ezpoaed for 12 lirt. 

H ion coxtcentration 

1 Oxidatioa after nentralixation. 

Chromocen. 

Gmn ctudao 

1 6 X io-» ; 

No color 

No color 

7 6 X 10-* 

Red 

Blue 

6 6 X 10-* 

(t 

tt 


Table in shows the results of an experiment with an extract 
of npe Astrachan apples (prepared by gratmg the frmt with an 
equal volume of water and filtermg) The extract was divided 
mto several portions of 50 cc each and sufficient acid or alkah 
was added to give the concentrations stated m the table (measured 
by the gas cham) 

These results show that the concentrations of acid which are 
needed to inhibit oxidases are much lower than those stated by 
previous mvestigators , this is doubtless due to then faulty methods 
of measurement Bertrand stated 0 002 m to be the lowest 
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Oxidase Reactions 


In the experiments just mentioned the acidity or alkaluuty 
was deterrmned by the amount of standardized acid or alkah 
added to defimte amounts of the solution containmg the ferment, 
on the assumption that the dilution of the standardized acid 
by the mixture had the same effect as an equal dilution with dis- 
tilled water 

The wnter finds that this assumption is mcorreot, as is clearly 
shown by determmations with a hydrogen electrode The fol- 
lowmg example illustrates this 

An extract of potato (prepared by mixmg equal volumes 
of grated potato and distilled water, allowmg the mixture to 
stand for an hour, and fiiltermg) was added to an equal volume 
of 0 01 M HCl Smce the acid was diluted to twice the ongmal 
volume it would then be 0 005 m (Ch = 6 X 10“*) if the po- 
tato extract acted like distilled water The hydrogen electrode 
measurement, however, showed the concentration to be only 
6 X 10~* The presence of the potato has therefore reduced 
the acidity to one-tenth, although the extract itself is very nearly 
neutral This effect is due to the protem present in the solution 
as well as the presence of other amphotenc electrolytes, mclud- 
mg probably phosphates and carbonates 

In view of this observation it seemed desirable to repeat some 
of the earher experiments to determine the real relation of the 
oxidases to acidity A potato extract, prepared by gratmg the 
tuber with an equal volume of water and quickly filtenng, was 
divided mto several portions of 50 cc each These were placed 
m beakers, and suflScient HCl or NaOH was added to give the 
hydrogen ion concentration (as measured by the gas cham) shown 
m the first column of Table I These were then exposed at room 
temperature and the rate of oxidation of the naturally occumng 
chromogen was followed by observmg the appearance of red and 
finally black colors It will be seen from the table that a hydrogen 
ion concentration of 5 5 X 10“* was sufficient to inhibit the 
reaction completely 

Immediately after addmg the acid to these extracts portions 
of 10 cc were removed and 1 cc of 2 per cent gum guaiac tmcture 
was added to each The results stated in the last column of 
Table I mdicate that the same concentrations of acid which 
inhibited its reaction with the chromogen mhibit also the ox- 
idation of gum guaiac 



PHOSPHATIDES IW THE DUCTLESS GLAITOS 


By FREDERIC FENCER 

(.From the Research Laboratory tn OrganoiherapeiUics of Armour and 
Company, Chicago ) 

(Received for publication, September 6, 1916 ) 

This investigation was earned out to determine the amounts 
of phosphatides present m the ductless glands and the relation 
of the results to the functionmg of these glands Inasmuch as 
the work was of a pr elimin ary nature no attempts were made to 
separate or isolate the groups of phosphatides from other ex- 
tractive matters such as fat Petroleum ether was chosen as a 
general solvent Ordinary muscle fiber m the form of straight 
lean meat (chucks) was used as a standard, and bram tissue and 
spmal cord were employed for comparative purposes as examples 
of tissues exceptionally nch m phosphatides Cattle glands are 
especially adapted for this work on account of their size and 
comparative freedom from adipose tissue The followmg glands 
were used Pmeal gland from cattle, pitmtary body, antenor 
and posterior lobes from cattle, and for comparative purposes 
also the antenor lobe from 3 mung calves, thyroid from cattle, 
thymus from young growmg calves, suprarenals from cattle, 
and the true corpus luteum from pregnant cows The thymus 
was selected from young calves 2 to 4 months old, the early 
growth penod durmg which this gland is most active 
The vanous glands, from several hundred animals, were col- 
lected shortly after slaughtenng and while still retaining the 
animal heat, and were carefully trimmed In the case of the 
pitmtary bod}’’, the outside capsule was discarded and the ante- 
nor and postenor lobes represent glandular tissue only The 
corpora lutea were obtamed bj'' sphttmg the ovanes and removmg 
the soft orange-colored glandular portion of the corpus luteum 
The suprarenals also were skinned so that the portion employed 
represents the medulla and cortex only The pmeal and the 

303 



TABLE m 


H ion concentration 

OxJdation. 

Chromoffcn 

Qum suahe 

12 hra. 

46 hn 

1 6 X 10-» 

No color 

No color 

No color 

7 4 X 10-< 

« it 

II II 

II II 

3 8 X 10-* 

Faint 

Faint 

Blue 

8 X 10-» 

Red 

Red 

Deep blue 

1 6 X 10-‘ 

U 

Red-brown 

II II 

1 X 10- 

II 

II 

11 II 

2 X 10-' 

II 

II 

II II 


concentration which completely inhibited oxidases and Cohn 
and Sdndchal® report that horse-radish peroxidase had very little 
action m 0 004 m acid, while the present experiment indicates 
that 0 0005 to 0 007 m was sufficient to prevent the action of 
certain oxidases It is therefore evident that the optimal activity 
of these oxidases is reached when they are m a medium which is 
very nearly neutral or slightly alkahne 

On this basis it may be possible to explam the remarkable 
activation of oxidation processes by the addition of exceedmgly 
small amounts of alkali, as m the exTieriments of Loeb and 
Wasteneys on Echmoderm e^ It is conceivable that m the 
unfertihzed eggs the hydrogen ion concentration is too high for 
the rapid operation of oxidases, but that the added alkah changes 
this to the optimum condition 

All the ferments which have been investigated m this respect 
exhibit their maximum activity at a defimte hydrogen ion con- 
centration, and It was to be expected that the oxidases would 
behave similarly Hudson' regards the activity of invertase 
(which behaves as an amphoteric electrolyte and hence is capable 
of combinmg with acids and bases) as proportional to the amount 
of ferment not so combmed This may applj to other ferments 
but it has not 3 ’'et been shoira to do so 

* Goto, H , and Sdndchal, A , Compt rend Acad , 1911, elm, 70, Rev 
gin Bot , 1912, xxiv, 49 

• Hudson C b ,J Am Ckem Soc , 1910 xx-tii, 1220 
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* Normal utorino-oontmoting power 
1 0 41 por cent lodino in dcsiooatod glands 
too per cent opinophnn in dosiooated glands 
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Phosphatides m Ductless Glands 


thyroid were both tnmmed as free as possible from all adherent 
connective and fatty tissues The entire bram was employed, 
the outside tissue removed, and the bram washed with water 
until free from blood The spmal cord represents the entue 
Bpmal marrow 

The vanous lots of glands and tissues were finely mmced and 
desiccated tn vacuo at 35-37®C to constant weight, then coarsely 
ground and extracted with petroleum ether m a Soxhlet apparatus 
After extraction, the vanous lots of petroleum ether containing 
the soluble portions of the glands were filtered and the solvent 
evaporated, first by a current of air and shght heating on a water 
bath and then by further drying tn vacuo to constant weight 
On these residues the total PjOs was determmed and the eqmva- 
lent amounts of lecithm were obtamed by multiplymg the PiOj 
figures by 11 24 These lecithm figures do not necessarily rep- 
resent the actual amounts of hpoids present, they merely serve 
as a general guide for the present mvesbgation Ihe phosphorus 
was determmed on 1 gm samples by boilmg with 2 cc of con- 
centrated sulfuric acid and several small portions of mine acid 
until oxidation was complete The digested hquids were then 
diluted with water and the phosphorus was determmed accordmg 
to the official volumetric method 

In the tabulation will be found the loss of moisture and the 
percentage of petroleum ether-soluble substances in the fresh 
glands together with the yield of desiccated fat-free matenal, 
also the phosphorus m the extracted residue and the eqmvalent 
percentages of lecithm, both calculated on the basis of the residue 
and the fresh tissue 

The most stnking feature of the tabulated figures is the fact 
that thyroid tissue contains no more phosphatides thafi ordmary 
muscle fiber, whereas all the other ductless glands show much 
larger amounts The desiccated thyTOid contamed 0 41 per 
cent of lodme, mdicatmg that the gland was exceedmgly active 
physiologicallv and contamed a maximum of active prmciples 
This seems to be convmcmg evidence that the hpoids play no 
important part m the mtemal chemistry of the thyroid 

The petroleum ether-soluble portion of the muscle fiber as 
well as the thjTOid consisted prmcipally of fat The color was 
hght yellow ish brown and the consistency that of ordmary beef 
fat 
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Phosphatades m Ductless Glands 


The infant thymus contained about three tunes as much 
phosphatides as lean meat from adult animals of the same species 
The thymus fat was brownish yellow and possessed an odor 
resembhng lecithm 

The antenor lobe of the pitmtary body contamed approxi- 
mately ten times and the postenor lobe seven times as much 
phosphatides as straight lean meat The postenor lobe showed 
the usual amount of uterme-eontractmg active prmciple, mdi- 
cating normal ph 5 ^iologicaI activity of the gland The isolated 
uterus method as outhned by Eoth* was employed m this work 
The petroleum ether-soluble portion of this gland, both antenor 
and postenor lobes, resembled bram lecithm m consistency 
The color was hght yellowish brown and the odor similar to 
lecithm 

The pmeal body shewed about thirteen times more phosphatides 
than did muscle tissue The petroleum ether-soluble portion 
resembled crude lecithm from bram tissue both m consistency, 
color, odor, and taste 

The corpus luteum of pregnancy was also rich m phosphatides, 
contammg fifteen tunes as much as muscle tissue The petroleum 
ether-soluble portion was of semisohd pasty consistency and red- 
dish brown color, and possessed a strong lecithin odor 

The suprarenals were the nchest m phosphatides of all the 
ductless glands, contammg seventeen times more than ordinary 
muscle tissue The petroleum ether-soluble portion was of pasty 
or waxy consistency, brownish red color, and pronounced lecithm 
odor 

The epmephrm content was determined by the manganese 
dioxide method described by Seidell * The desiccated gland 
contamed 0 9 per cent epmephrm, which means full phraological 
activity 

There was very httle difference m the phosphorus contents of 
the extracted portions from bram and spinal cord, but the spmal 
cord contamed almost three times as much petroleum ether- 
soluble substance as the bram The soluble portions of the 
brain and spmal cord were both of waxy consistency, resembhng 

• Hoth, G B , Bull Hyg Lab , No 100, 1914 

» Seidell, A , J Biol Chem , 1913, xv, 197 
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soft paraffin, of light yelloinsh brown color, and characteristic 
lecithin odor 

There are no conclusive evidences that the pineal body and 
the thjTnus contain actii e principles of phj'siological significance. 
The corpus luteum has given some proof of physiological impor- 
tance, but no active prmciple or means of standardizmg the prod- 
uct for medicinal purposes have yet been discovered or out- 
hned. In the pitmtary body, the thyroid, and the suprarenals, 
however, we have definite means of judgmg the therapeutic 
activity of their mtemal secretions and it is from these glands 
that the present conclusions must be drawn The analytical 
data show that these glands contain high amounts of active pnn- 
ciples and consequently possess full physiological activity The 
pituitary body and the suprarenals as well as the pmeal, the 
thymus, and the corpus luteum of pregnancy contam consider- 
able amounts of phosphatides m excess of ordmaiy muscle tissue 
and it is safe to assume, therefore, that the phosphatides play 
some part m the mtemal chemistry of all the ductless glands, 
with the exception of the thyroid 

SUXIMABT 

The pituitary body and the suprarenals, as well as the pmeal, 
the infant thymus gland, and the corpus luteum of pregnancy 
contam considerable amounts of phosphatides m excess of ordi- 
nary muscle tissue, mdicatmg that the phosphatides play some 
part m the mtemal chemistry of these ductless glands The 
thyroid does not contain any more phosphatides than straight 
lean meat and it may, therefore, be assumed that this gland 
performs its secretory functions mdependent of the phosphatides 




mJTRITION AND EVOLUTION 

SECOND NOTE 

Br JACQUES LOEB and J H. NORTBKOP 
[Front the Laboratories of The Rocl^feUer InsMule for Medical Research ) 

(Received for pubbcataon, September 9, 1916 ) 

In a fonner paper Loeb' raised the question whether or not the 
evolution of animals as high in the scale of life as insects was 
possible without the existence of green plants It is generally 
assumed m speculations on evolution that chlorophj^U preceded 
the evolution of animals Attacked from this pomt the question 
of evolution becomes a question of nutntion, or rather of the syn- 
thesis of the hi^y complex proteins of the body 
Loeb had found that stenle culture media hke those used by 
Pasteur for the raising of yeast were also sufBicient for the raising 
of flies — Drosophila was used for this purpose It was pomted 
out that this did not prove that the power of synthesis of the 
flies IS the same as that of the yeast smce although the culture 
media were sterile, the flies were not, and that it was possible 
that the flies earned microorganisias which synthesized the pro- 
teins for them ^ The question could only be decided by expen- 
ments with flies absolutely free from parasitic or symbiotic mi- 
crooiganisms 

Bogdanow* was the first to attempt to raise flies free from 
bactena He experimented on the blowfly, CaUiphora vomitona 
His method consisted m stenlizmg the eggs with solutions of 
HgClj He found that stenle larvse of the fly grew only very 
slowly on stenle meat, never reaching their full size They died 
without undergoing metamorphosis He assumes that they 
require the aid of bactena for their normal nutation WoU- 
man’ repeated the experiments of Bogdanow, confi rmin g his 

* Loeb, J , J Biol Chem , 1915, -aou, 431 
I Bogdanow, Arch Physiol , Suppl , 190S, 173 
» Wollman, E , Ann I'Inst Pasteur, 1911, xxv, 79 
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these tests remained permanently stenle In addition, smears 
were made from the flies, pupae, and larvae, and exammed They 
were free from bactena and fungi 
We made a large number of culture expenments with fiilter 
paper, cane sugar, MgSO<, KH;P 04 , NaCl, CaCb, and mtrog- 
enous compounds as mdicated m the following table The 
stenle flies were transferred to the tubes containmg the culture 
media with stenle pipettes, following the procedure of Guy^not 
m the mampulation of the flies 

Substrate 

Casem 

Edestm 
Egg albumin 

Mixture of leucme, alanine glycine, as- 
paragme, tyrosme, tryptophane, and 
hiBtidme* 

Milk 

Hence m none of these media was it possible to raise a smgle 
fly or pupa 

We then made experiments with stenle bananas and stenle 
potatoes Bananas are the usual culture medium used for 
raising non-stenle Drosophila m large numbers The results of 
our experiments on stenle bananas with stenhzed flies were most 
remarkable The larvffi grew slowly and very few pupated 
Some larvae remamed ahve 20 to 30 days The flies which hatched 
from the pupae were very small, about one-fourth the normal 
size, and had very httle pigment It was impossible to raise a 
second generation from them 

They were crossed with normal flies and cultivated on stenle 
yeast, but although both crosses were tned, no larvae were ob- 
tamed When the females were normal flies and the males flies 
raised on stenle bananas, a few eggs were laid, but no larvae 
hatched This mdicates that flies, free from microorganisms 
(yeast), when raised on stenle bananas or stenle potatoes were 
also sexually stenle It is of course possible that this negative 

‘ Some of these pure ammo-acids were kmdly given us by Dr PA 
Levene 


Result 

Some larvffi reach full size but 
do not metamorphose 

it 

U 
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results Delcourt and Guy^not^ expemnented with Drosophila 
These authors first tned Bogdanow’s method but did not succeed 
smce the antiseptic treatment killed all the eggs of Drosophila 
They proceeded by frequent transference of flies raised on acid 
media and thus finally obtained some colomes which on micro- 
scopic and bactenological test proved sterile Guydnot observed 
that sterile flies grew on yeast, hvmg or dead, and that after 
several generations they also grew well on stenle potatoes The 
larvae grew well on peptone and salts but did not metamorphose 
We returned to the method of Bogdanow which seemed more 
direct and reliable, by raismg stenle cultures from eggs stenhzed 
m HgCli Stenhzed banana was covered with wet filter paper 
and female flies were put in the flasks with the banana After 
several hours the eggs were taken from the filter paper and placed 
m 0 1 per cent HgClj or a saturated solution of HgCls m alcohol 
for 6 to 7 mmutes Most eggs are killed by the treatment but 
a small percentage recover and develop when put mto a flask 
contammg stenhzed yeast and cotton They grew and meta- 
morphosed entirely normally on the followmg culture media 

Stenhzed bakers' yeast 450 gm 

Water 1,000 cc 

Citnc acid 50 gm 

The acid was added solely for the purpose of diminishing the 
chance of the development of bactena when the flies were re- 
moved from the flask The presence of citnc acid dimimshed 
the number of larvae (and probably also the number of eggs laid), 
since m the cultures without citnc acid the number of larvie 
and flies produced was greater But cultures without citnc acid 
usually became infected with bactena when the old flies were 
removed from the flask for the purpose of starting new cultures 
We have thus far raised twelve successive generations free from 
all microorgamsms 

Our tests for the stenlity of the flies consisted in putting the 
dead flies as well as parts of the culture into glucose agar, agar, 
plain broth, litmus milk, glucose broth, and potato tubes All 

‘Delcourt, A, and Guyenot, E, Bull Sc France cl Belgique, 1911, 
xlv, 249 Gujfinot, E , Compt rend Soc biol , 1913, lx\, pt i, 97, 178, 223, 
270, 1914, Ixvi, pt I, 483, 54S 
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these tests remained permanently stenle In addition, smears 
were made from the flies, pupse, and larv®, and exammed They 
were free from bactena and fungi 
We made a large number of culture experiments with filter 
paper, cane sugar, MgS 04 , KH.PO4, NaCl, CaCh, and mtrog- 
enous compounds as mdicated m the following table The 
stenle flies were transferred to the tubes containmg the culture 
media with stenle pipettes, following the procedure of Guy^not 
m the mampulation of the flies 

Substrate 

Casein 

Edestm 
Egg albmmn 

Mixture of leucine, alanine glycine, as- 
paragine, tyrosine, tryptophane, and 
histidine* 

Milk 

Hence m none of these media was it possible to raise a smgle 
fly or pupa 

We then made experiments with stenle bananas and stenle 
potatoes Bananas are the usual culture medium used for 
raismg non-stenle Drosophila m large numbers The results of 
our experiments on stenle bananas with stenhzed flies were most 
remarlable The larvse grew slowly and very few pupated 
Some larvffi remamed ahve 20 to 30 da 3 m The flies which hatched 
from the pupse were very small, about one-fourth the normal 
size, and had very httle pigment It was impossible to raise a 
second generation from them 

They were crossed with normal flies and cultivated on stenle 
yeast, but although both crosses were tned, no larvse were ob- 
tamed When the females were normal flies and the males flies 
raised on stenle bananas, a few eggs were laid, but no larva 
hatched This mdicates that flies, free from microorganisms 
(yeast), when raised on stenle bananas or stenle potatoes were 
also sexually stenle It is of course possible that this negative 

* Some of these pure amino-acids were kindly given us by Dr PA 
Levenc 


Result 

Some larvse reach full size but 
do not metamorphose 

U 
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results Delcourt and Guydnot* experunented with Drosophila 
These authors first tned Bogdanow’s method but did not succeed 
since the antiseptic treatment killed all the eggs of Drosophila 
They proceeded by frequent transference of flies raised on acid 
media and thus finally obtained some colomes which on micro- 
scopic and bacteriological test proved sterile Guy4not observed 
that sterile flies grew on yeast, hvmg or dead, and that after 
several generations they also grew well on sterile potatoes The 
larvae grew well on peptone and salts but did not metamorphose 
We returned to the method of Bogdanow which seemed more 
direct and rehable, by raismg stenie cultures from eggs stenhzed 
m HgCli Stenhzed banana was covered with wet filter paper 
and female flies were put m the flasks with the banana After 
several hours the eggs were taken from the filter paper and placed 
in 0 1 per cent HgClj or a saturated solution of HgClj in alcohol 
for 6 to 7 nunutes Most eggs are killed by the treatment but 
a small percentage recover and develop when put into a flask 
containmg stenhzed yeast and cotton They grew and meta- 
morphosed entirely normally on the foUowmg culture media 

Stenlued bakers’ yeast 4S0 gm 

TVater 1,000 cc 

Citnc acid 60 gm 

The acid was added solely for the purpose of dimmishmg the 
chance of the development of bacteria when the flies were re- 
moied from the flask The presence of citnc acid diminished 
the number of larvae (and probably also the number of eggs laid), 
since in the cultures without citric acid the number of larvie 
and flies produced was greater But cultures without citric acid 
usually became infected with bactena when the old flies wore 
removed from the flask for the purpose of starting new cultures 
We have thus far raised twelve successive generations free from 
all microorgamsms 

Our tests for the stenhty of the flies consisted in puttmg the 
dead flies as well as parts of the culture into glucose agar, agar, 
plain broth, litmus milk, glucose broth, and potato tubes All 

■•Delcourt, A, ond Guji^not, E, Bull Sc France cl Belgique, 1911, 
xl^,249 Guj fnot, E , Compf rend So: fciol , 1913, 1-w, pt i, 97 178, 223, 
270, 1914, I'cvi, pt I, 483, 648 



J Loeb and J H Northrop 


311 


these tests remained permanently stenle In addition, smears 
were made from the flies, pupae, and larvae, and exammed They 
were free from bacteria and fungi 
We made a large number of culture experiments with filter 
paper, cane sugar, MgSO*, KHjPO^, NaCl, CaCl:, and mtrog- 
enous compounds as mdicated m the following table The 
stenle flies were transferred to the tubes containing the culture 
media with stenle pipettes, following the procedure of Guy^not 
m the mampulation of the flies 

Substrate 

Casein 

Edeatm 
Egg albumin 

Mixture of leucine, alanine gli'cine, as- 
paragme, t3rroaine, tryptophane, and 
hiatidme* 

Milk 

Hence m none of these media was it possible to raise a smgle 
fly or pupa 

We then made experiments with stenle bananas and stenle 
potatoes Bananas are the usual culture medium used for 
raismg non-stenle Drosophila m large numbers The results of 
our experiments on stenle bananas with stenhzed flies were most 
remarkable The larva grew slowly and very few pupated 
Some larva remamed ahve 20 to 30 days The flies which hatched 
from the pupa were very small, about one-fourth the normal 
size, and had very httle pigment It was impossible to raise a 
second generation from them 

They were crossed with normal flies and cultivated on stenle 
yeast, but although both crosses were tned, no larva were ob- 
tamed When the females were normal flies and the males flies 
raised on stenle bananas, a few eggs were laid, but no larva 
hatched This mdicates that flies, free from microorganisms 
(yeast), when raised on stenle bananas or stenle potatoes were 
also sexually stenle It is of course possible that this negative 

’ Some of these pure ammo-acida were kindly given us by Dr PA 
Levene 


Result 

Some larva reach full size but 
do not metamorphose 
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result 13 not final although our conclusion is based on the result 
of ten difiFerent cultures 

Yeast was then the only medium on which normal larvse could 
be raised with these sterile cultures of flies and it seems to be 
the mdispensable food for these insects Yeast must there- 
fore contam some substance required for their growth and this 
substance must be rather resistant to heat since yeast heated 
for 1 hour at 120° is an excellent culture medium We tned to 
isolate this substance from the yeast Yeast extracted with 
boilmg alcohol for 48 hours or with cold alcohol for 10 days was 
no longer able to serve as food A mixture of the extracted yeast 
and of the extractive was no longer adequate to raise the larvffi, 
mdicatmg an alteration of the necessary substance by the alcohol 
The presence of traces of alcohol m this mixture m itself was not 
harmful amce these flies grow normally m the presence of 2 to 
3 per cent alcohol 

The necessary substance in yeast cannot be salts, or cane or 
grape sugar since non-stenle flies grow normally on Pasteur 
media, as Loeb's previous experiments have shown 

The addition of butter, nucleic acid, thymus or thyroid ex- 
tract to the synthetic culture media mentioned m the table was 
also without efltect This fact, as well as the fact that the flies 
will not develop on stenle milk, shows that the necessar}'' sub- 
stance must be different from that needed for pigeons, rats, and 
other warm-blooded ammals 

'Phese observations show that an apparent!}' polyphagous 
maect hke Drosophila is m reahty a monophagous insect, as yeast 
13 a sufficient and perhaps the only sufficient food for them They 
can hve on any culture medium which can serve as a food foi 
yeast with winch they probably mfect it The experiments 
show that in the discussion of the s 3 Tithetic power of the higher 
animals, the possible action of the microorganisms m the intestme 
must also be considered As far ns the origin of insects like 
Drosophila is concerned, their existence depends primaril}' on 
yeast 



THE INFLUENCE OF PARTURITION ON THE COMPO- 
SITION AND PROPERTIES OF THE MILK AND 
MILK FAT OF THE COW * 

Bt C H ECKLES and LEROY S PALMER. 
(FrxmtheDepartmentof Dairy Sttsbandri/, University of Mtssown, Columbia ) 

(Received for publication, September 6, 1916 ) 
INTHODTJCnON 

The question of vanations in the composition of milk is a 
twofold one, one phase deals with vanations in milk as secreted 
by the cow, the other phase deals with the changes m composi- 
tion after the milk is secreted and before it is used for food The 
latter phase of the question has m recent years overshadowed 
m large measure the question of the relation between the nor- 
mal variation m composition to which milk is subject and its 
use as human food The chemical side of this question has 
been for several years the object of cntical study by the Missouri 
Agncultural Experiment Station The results in regard to a 
number of the factors mvolved have already been published * 

• Published by permission of the Director of the Missouri Agricultural 
Experiment Station The data reported in this paper were collected m 
cooperation with the Dairy Division, Umted States Department of Agri- 
culture, Bureau of Anim al Industrj While the greater part of the data 
were taken the Dairy Division was represented by Leroy S Palmer, who 
has been responsible for the preparation of the present paper 

* Eckles, C H , and Shaw, R H., Influence of the stage of lactation on 
the composition and properties of milk, U S Dept Agric , Bureau of 
Animal Industry, Bull IBB, 1913, Influence of breed and mdividushty 
on composition and properties of milk, iind , Bull 1B6, 1913, Variations m 
composition and properties of milk from the individual cow, ibid , Bull 1B7, 
1913 Eckles, C H., Influence of fatness of cow at parturition on per 
cent of fat in m il k , Missouri Agnc Exp Station, Bull 100, 1912 Palmer, 
L. S , and Eckles, C H" , Carotin — the principal natural yeUow pigment 
of miUc fat, J Biol Chem , 1914, xvu, 191, 211, 223, 237, 245, also Missouri 
Agric Exp Station, Research Bull 9, 10, 11, and IS, 1914. Eckles, C H , 
and Palmer, L S , Influence of plane of nutrition of cow upon composition 
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Investigations of other factors of importance mfluencing the 
normal composition of cows’ milk are still m progress 
The general opimon prevails that cows’ milk is not suitable 
for human food for a penod of tune after partuntion Opinion 
vanes as to the length of tune the milk is unfit for use, as low as 
2 days and as high as 15 days bemg stated as the proper penod 
by different authonties The methods and standards for certi- 
fied milk adopted by the Amencan Association of Medical Com- 
missions’ place the figure at 7 days after partuntion The basis 
for the exclusion of cows’ milk immediately after the birth of 
the calf IS that its composition or constituents give rise to mtesti- 
nal disorders The evidence upon which this conclusion is based 
IS, however, extremely difficult to find The hterature on colos- 
trum milk IS extensive,’ but it is astonishingly free from specific 
data regardmg the healthfulness or unhealthfulness of cows’ milk 
immediately after partuntion 

The data which are offered in the present paper mdicate that 
colostrum milk is subject to venations m composition, or m 
other words that the effect of partuntion on the composition 
of cows’ milk may be greatly influenced by other factors Data 
are presented on two questions (1) the effect of milkin g the cow 
up to the tune of partuntion, (2) the influence of the length of 
the penod the cow is dry before partuntion 

Effect of Mtlktng until Parturition, on Composition of Colostrum 
Milk and Milk Fat 

Milkmg the cow up to the tune of partuntion is not a common 
practice among dairjmien It is beheved by these men that the 
dairy con will produce more milk dunng the lactation penod 
if given a rest of several weeks before partuntion Continuous 

and properties of milk and butter fat Influence of overfeeding, ibid , 
Research Bull t4, 1914, Influence of underfeeding, tbtd , Research Bull 
SB, 1916 

’ Prae Sixth Ann Conference, Am Assn ited Milk. Commissions, 1912, 
124 

I The hterature on colostrum is reneived very thoroughlj Weber, L , 
Untersuchungen Qbcr dio Kolostrahnilch der Kuh, der Ziego und des 
Schafes, Milchmrt Zentr , 1910, vt, pt x, 433 pt xi, 481, pt xii, 543, also by 
Enecl. St , Die BiochemiedcsKolostnuns, Erpefen Physiol , 1911, xi, 41-103 
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nuUoDg of the cow is, however, a common practice m many lo- 
cahties The effect of this practice on the composition of the 
colostrum is thus a matter of considerable interest, practical 
as well as scientific 


mSTORICAI, 

We have been able to find only two references in regard to the influence 
of contmuous miUang on the colostrum miUc Nasse* many years ago 
stated that the change from colostrum to normal milk occurs very rapidly 
in the case of cows milked up to the time of parturition Cook and Hills* 
reported the composition of the milk of a Jersey cow the mght before and 
also a few hours after calving The results as given by these authors are 
shown m Table I 


TABLE I 

Composition of Milk before and after Calving * 



Fst. 

Piotejn 

Soc&r 


ptr cent 

ptr cent 

pcremS 

Before calvmg 

10 18 

6 35 


After calving j 

7 48 

6 48 



* Cook and Hills 


The authors state that, “The cow instead of givmg colostrum gave 
mdk. Under the microscope but few colostrum particles were 

found in the first milk.” It is doubtful if the conclusion 19 justified that 
the milk after calving was normal, inaamuch as a protem percentage of 
6 48 IB abnormally high The first milking was unquestionably leas ab- 
normal, however, than usually found for colostrum milk 


EXPEBlMEJfTAI, 

The data presented in the present paper were taken from 
three pnre-bred Jersey cows m the Umversity herd Complete 
analyses of the inilk and milk fat were made on composite sam- 
ples taken at smtable intervals and covenng a suitable length 
of tune for a penod both before and after partuntion The length 
of tune covered by the composites vaned, as mdicated m each 
case m connection with the data 

* Nasse, Arch Anal Physiol u. ITtss Med , 1840, 259, cited by Weber, 
Mtlchtetrl Zentr , 1910, vi, 440 

‘ Cook, W W , and Hills, J L., Abnormal Milks, Vermont Agne 
Exp Station, Sth Arn Report, 1891, ui 
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The analyses made mcluded the specific gravity of the milk, 
the percentage of total sohds, ash, fat, lactose, total protem, 
casern, alburmn (heat-coagulable protems), and m the case of 
two of the three animals the percentage of residual protem and 
residual non-protem mtrogen The analyses of the milk fat 
mcluded the saponification value, Reichert-Meissl number, lodme 
absorption value, and meltmg pomt 

The methods of analysis were largely those of the Association of Official 
Agncultural Chemists In the fat analyses the Reichert-Meissl number 
was determined by the Leffman-Beam method, the lodme value by the 
HUbl method, and the meltmg pomt by Wiley’s method In thp 
analyses the specific gravity was taken with the modified* Quevenne 
lactometer, the total solids were determmed by the Babcock asbestos 
method, the fat m some cases was determmed by the Babcock asbestcs 
method but m others by the Babcock centrifugal method, the lactose by 
the optical method, using acid mercunc mtrate, the total protein and 
casern by the official A 0 A C methods, and the albumin (heat-ooagu- 
lable proteins) by the provisional method of this Association The resi- 
dual protein was determmed by the addition of 16 cc of Almen’s tannic 
acid reagent to the filtrate from the albumm determination The precipi- 
tate was filtered off and treated like the albumin The nitrogen remaining 
in the filtrate after the tannic acid precipitation was determined by cvapo- 
ratmg the solution and treating m the usual way (Kjeldahl method) The 
mtrogen so determined was called the residual non-protein nitrogen In 
some cases it was determmed by difference between the total mtrogen and 
the total protem mtrogen 

The methods of takmg the composites and the preparation 
of the milk and butter fat for analysis were practically identical 
with those described m detail elsewhere ’’ In the analyses mode 
m 1913 the amount of formaldehyde used for preservation of 
the milk was mcreased from the earher practice of one part m 
5,000 to 2,600 to one part m 1,650 
The cows used m the mvestigation were m normal health and 
condition The length of time smce the last parturition was 
normal for each animal, bemg 408 da 3 's m the case of Cow 317, 
375 days m the case of Cow 57, and 319 day's m the case of Cow 

• Shan, R H , and Eckles, C H , The estimation of total solids m milk 
by the use of formulas, U S Dept Agric , Bureau of Animal Industry, 
Bull 1S4, 1011, 16 

’ Eckles and Shaw, U S Dept Agnc , Bureau of Animal Induslrv. Bull 
IBB, 1913 
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4 The character of the rations of the cows was not identical, 
but was uniform for the mdividual animals throughout the ex- 
pemnental penod Cows 317 and 57 were on pasture through- 
out, but received gram m addition, the latter consisting of a 
nuxture of com 4 parts, bran 2 parts, and linseed meal 1 part 
Cow 4 was fed a gram mixture of the same character, but the 
roughage which she received consisted of com silage and alfalfa 
hay 

RESULTS 

The analyses of the samples m the case of the three cows are 
shown m Tables III, IV, and V 

Before considering the effects of contmuous millong on the 
composition of the colostrum mill- in the case of the three cows 
it IS necessary to have m mind the composition of colostrum 
when the cow is dry for a penod of time before partuntion, m 
other words, normal colostrum milk Unfortunately, for pur- 
poses of the present discussion normal colostrum milk is not 
uniform m composition with different animals As has been 
expressed by other authors, the difficulty arises m that the numer- 
ous analyses of colostrum milk which have been made have not 
been uniform with respect to the length of tune after partuntion 
the sample was taken for analysis The reason for the lack 
of uniformity of colostrum analj'ses becomes apparent when 
the rapidity with which milk changes m composition after par- 
tuntion IB taken mto consideration 

In general, however, colostrum milk la charaotenred by abnormally 
high specific gravity and percentage of total sohda, aah, and protein, and 
by an abnormally low percentage of lactose The fat vanes, as reported 
by different mvestigators, some reportmg high fat percentages, others 
normal, and still others low The distnbution of the proteins of normal 
colostrum appears to be characteristic, all the protem bemg present in 
amounts above normal, the chief oharactenstic being that the heat-coagu- 
lable proteins greatly predominate over the casein, which is the reverse of 
normal cows’ milk It also appears to be weU estabbahed that the heat- 
coagulable proteins of colostrum consiat largely of globulm, nhich is 
present m normal cows’ milk in smaller proportion than albumin The 
fat of colostrum milk is characterued bj a low Reichert-Meissl number and 
saponification value, and a high lodme value and melting point Col- 
ostrum IB also charactenred by a high content of epithelial cells, their 
pecuhar grouping in the milk giving rise to the name "colostrum cor- 
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The analyses made mduded the specific gravity of the milk, 
the percentage of total sohds, ash, fat, lactose, total protem, 
casern, albumm (heat-coagulable proteins), and in the case of 
two of the three animals the percentage of residual protein and 
residual non-protem mtrogen The analyses of the milk fat 
mcluded the saponification value, Reichert-Meissl number, lodme 
absorption value, and meltmg pomt 

The methode of analysis were largely those of the Association of OfBoial 
Agnoultural Chemists In the fat analyses the Reiohert-Meissl number 
was determmed by the Leffman-Beam method, the iodine value by the 
Habl method, and the melting pomt by Wiley's method In thp milk 
analyses the specific gravity was taken with the modified* Quevenne 
lactometer, the total solids were determined by the Babcock asbestos 
method, the fat m some cases was determined by the Babcock asbestos 
method but m others by the Babcock centrifugal method, the lactose by 
the optical method, using acid mercuric mtrate, the total protein and 
casein by the ofiBoial A 0 A C methods, and the albumin (heat-coagu- 
lable proteins) by the provisional method of this Association The resi- 
dual protein was determined by the addition of 16 oo of Ahnen’s tsnmc 
acid reagent to the filtrate from the albumin determination The precipi- 
tate was filtered off and treated like the albumin. The mtrogen remaimng 
in the filtrate after the tanmc acid precipitation was determined by evapo- 
rating the solution and treating in the usual way (Kjeldahl method) The 
nitrogen so determined was called the residual non-protein nitrogen In 
some cases it was determined by difference between the total mtrogen and 
the total protein mtrogen 

The methods of takmg the composites and the preparation 
of the milk and butter fat for analysis were practically identical 
with those described m detail elsewhere ’’ In the analj^es made 
m 1913 the amount of formaldehyde used for preservation of 
the milk was mcreased from the earher practice of one part m 
5,000 to 2,500 to one part m 1,650 
The cows used in the mvestigation were m normal health and 
condition The length of time since the last partuntion was 
normal for each animal, bemg 408 da 3 s in the case of Cow 317, 
375 daj's in the case of Cow 57, and 319 days m the case of Cow 

* Shan, R H , and Eckles, C H , The estimation of total solids m milk 
by the use of formulas, U S Dept Affrtc , Bureau of Animal Indutiry, 
Bull m, 1011, 10 

’ Eckles and Shaw, U S Dept Agnc , Bureau of Animal Industry, Bull 
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4 The character of the rations of the coivs was not identical, 
but was uniform for the mdividual animals throughout the ex- 
perimental period Cows 317 and 57 were on pasture through- 
out, but received gram m addition, the latter consistmg of a 
mixture of com 4 parts, bran 2 parts, and linseed meal 1 part 
Cow 4 was fed a gram mixture of the same character, but the 
roughage which she received consisted of com silage and alfalfa 
hay 

BESULTS 

The anal3^e3 of the samples m the case of the three cows are 
shown m Tables III, IV, and V 
Before considering the effects of contmuous milkmg on the 
composition of the colostrum Tmllr m the case of the three cows 
it IS necessary to have m mmd the composition of colostrum 
when the cow is dry for a period of time before partuntion, m 
other words, normal colostrum milk Unfortunately, for pur- 
poses of the present discussion normal colostrum milk is not 
uniform m composition with different animals As has been 
expressed by other authors, the difficulty arises m that the numer- 
ous analyses of colostrum milk which have been made have not 
been uniform with respect to the length of tune after parturition 
the sample was taken for analysis The reason for the lack 
of uniformity of colostrum analyses becomes apparent when 
the rapidity with which milk changes m composition after par- 
tuntion IS taken mto consideration 

In general, however, colostrum milk is charactemed by abnormally 
high specific gravity and percentage of total sohds, ash, and protein, and 
by an abnormally low percentage of lactose The fat vanes, as reported 
by different mvestigators, some reporting high fat percentages, others 
normal, and still others low The distnbution of the protems of normal 
colostrum appears to be characteristic, all the protem being present in 
amounts above normal, the chief charactenstio being that the heat-coagu- 
lable protems greatly predominate over the casern, which is the reverse of 
normal cows’ milk It also appears to be well established that the heat- 
coagulable proteins of colostrum consist largely of globuhn, which is 
present m normal cows' milk in smaller proportion than albumin. The 
fat of colostrum milk is charactemed by a low Reichert-Meissl number and 
sapomfication value, and a high lodme value and meltmg point Col- 
ostrum IS also charactemed by a high content of epithelial cells, their 
pecuhar grouping in the milk giving rise to the name “colostrum cor- 
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The analyses made mcluded the specific gravity of the milk, 
the percentage of total sohds, ash, fat, lactose, total protem, 
casern, albumm (heat-coagulable proteins), and m the case of 
two of the three animals the percentage of residual protem and 
residual non-protem mtrogen The analyses of the milk fat 
mcluded the saponification value, Reichert-MeissI number, lodme 
absorption value, and meltmg pomt 

The methods of analysis were largely those of the Association of Official 
Agricultural Chenusts In the fat analyses the Reiohert-Meissl number 
Was determined by the Leffman-Beam method, the lodme value by the 
Hubl method, and the meltmg pomt by Wiley’s method In thp milk 
analyses the specific gravity was taken with the modified* Quevenne 
lactometer, the total sohds were determmed by the Babcock asbestos 
method, the fat in some cases was determmed by the Babcock asbestos 
method but m others by the Babcock centrifugal method, the lactose by 
the optical method, using acid mercuno mtrate, the total protem and 
casern by the ofificial A 0 A C methods, and the albumm (heat-ooagu- 
lable proteins) by the provisional method of this Association The rosi- 
dual protein was determmed by the addition of 16 oo of Almen's tannic 
acid reagent to the filtrate from the albumin determination The precipi- 
tate was filtered off and treated like the albumin. The mtrogen remaining 
in the filtrate after the tanmc acid precipitation was determmed by evapo- 
rating the solution and treatmg m the usual way (Kjeldahl method) The 
mtrogen so determmed was called the residual non-protem nitrogen In 
some cases it was determined by difference between the total mtrogen and 
the total protein mtrogen 

The methods of takmg the composites and the preparation 
of the milk and butter fat for analysis were practically identical 
with those desenbed m detail elsewhere ’ In the analyses made 
m 1913 the amount of formaldehyde used for preservation of 
the milk was mcreased from the earher practice of one part m 
5,000 to 2,500 to one part in 1,650 
The cows used in the mvestigation were m normal health and 
condition The length of time smee the last partuntion was 
normal for each animal, bemg 408 day's in the case of Cow 317, 
375 days in the case of Cow 57, and 319 days m the case of Cow 

* Shaw, It H , and Eckles, C H , The estimation of total solids in milk 
by the use of formulas, U S Dept Agnc , Bureau of Animal Industry, 
Bull 134, 1011. 1C 

’ Eckles and Shaw, U S Dept Agnc , Bureau of Animal Industry, Bull 
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puBoles ” Colostrum is also oharaotemed by its high yellow color, which 
has been found by us* to be due merely to a high concentration of carotm, 
the normal pigment of the milk fat of the cow 

The general characteristics of colostrum as stated m the pre- 
cedmg paragraph are shown m tabular form m Table 11, mini- 
mum, maximum, and average values bemg given as found by 
various mvestigators 

The data m Tables III, IV, and V show examples of colostrum 
milk widely different m composition from normal colostrum as 
given m Table 11, the milk from Cows 317 and 67 showmg a 
greater difference than that from Cow 4 

TABLE n 


Composition of Normal Colostrum Milk 




XfnTlmnm 

Average * 

Specific gravity 

1 032 

1 090 

1 068 


p«r etni 

po" C4ni 

pfrcejit 

Total solids 

16 18 

sr 21 

28 30 

Ash 

0 86 

2 31 

1 78 

Total protem 

6 72 

27 33 

16 85 

Casein 

2 64 

7 69 

4 82 

Albumin 

0 26 

2 00 


Globulm 

2 36 

17 61 


Heat-coagulable proteins 

6 06 

20 21 

16 86 

Lactose 

1 02 

3 60 

2 48 

Fat 

0 16 

12 00 

3 37** 

Sapomfication value 

209 6 

226 4 


Reichert-Meissl number 

6 16 

26 0 


Iodine value 

36 8 

46 4 



* The average values are those reported by Eughng, who made analyses 
from twentj -three cows (Ser Taiigkeit landw Versuchs Vorarlberg, 1878, 
n, 33) 

** Average of 61 analyses made by KSnig {Chem mensch Nahr u Ge- 
nitssmillel, 190t, ii, 603) showed 3 97 per cent fat 


Considermg the results m detail we find that partuntion faded 
to exert the usual depressmg influence on the percentage of lac- 
tose m each of the three cases, although it was somewhat below 


* Palmer and Eckles, J Biol Chem , 1914, xvu, 199 
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normal m the case of Cows 57 and 4 In regard to the casein 
we find no effect in the case of Cows 317 and 67, but a high casein 
percentage for Cow 4 The composition of the milk fat was uni- 
formly unaffected by parturition m the case of each of the three 
cows Very abnormal fat constants followed parturition m the 
case of Cow 4, but it is open to question whether this was the 
result of parturition, masmuch as the fat showed the same ah- 
normahties for several days before parturition in even more stnk 
mg degree 

The most uniform effect of parturition was upon the heat- 
coagulable protems, namely, the albumm and globuhn of the 
mi l k The percentage of these proteins mcreased very maten- 
ally up to the time of parturition, reachmg a maximum m the 
first m il k drawn after parturition The proportion of the total 
protem of the mfik attamed at this time was remarkably great 
for Cows 317 and 57, bemg nearly 35 per cent m each case In 
spite of this great mcrease m albumm and globuhn the actual 
proportion of the total milk represented by these proteins was 
far below the minimum value for heat-coagulable proteins of 
normal colostrum as given m Table II 

As already pomted out, the results m the case of Cow 4 were 
less stnkmg than for the other two cows The authors attnbute 
this to the fact that the rmlk and milk fat of this cow showed 
the characteristics of the end of the lactation penod before par- 
turition occurred 

The general conclusion which we beheve is justified by the 
data given for the three cows under discussion is that when a 
cow IS milked up to parturition the colostrum milk will follow 
closely the composition of the milk given before parturition, 
with the exception of a more or less marked mcrease m the heat- 
coagulable protems If the composition of the milk and milk 
fat shows the characteristics of the end of the lactation penod 
before partuntion, the colostrum milk and milk fat will also 
show these characteristics If the milk and nulk fat are normal 
m composition before parturition the colostrum milk and milk 
fat will also be normal, with the exception already noted 
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Influence of Length of Period of Dryness of Cow, on Composition 
of Colostrum Milk and MilL Fat 

The data given m the foregoing pages of this paper indicate 
clearly that the abnormal composition of milk and milk fat usually 
characteristic of colostrum is greatly lessened when the cow is 
nulked up to parturition, and may be evident only to a shght de- 
gree m the case of a heavj'- milking cow This result raises the 
question whether the length of tune the cow is dry before par- 
tuntion influences the composition of colostrum milk Winter- 
stem and StncMer* have suggested that this factor has a great 
influence on the properties of colostrum, greater than the influence 
either of breed or manner of feedmg St Engel,* however, 
questions whether this viewpomt can be upheld Neither m- 
vestigator offered any data m support of his opimon Certam 
data which we have collected m connection with our colostrum 
studies and which seem to have a bearmg on this pomt are given 
m Table VI This presents complete analyses of the milk and 
milk fat for the first two or three milkings of four cows, follow- 
ing partuntion The length of the penod of dryness of the cows 
varied from 19 to 83 days The animals were all pure-bred 
dairy cows, on pasture, and probably received some additional 
gram, which is the usual practice m the dairy herd of the Missouri 
Agncultural Experiment Station Our records, however, are 
not complete on this pomt m connection with these cows The 
methods of analysis, handling of cows, etc , were identical with 
the procedure described m the first part of the paper m connec- 
tion with the other data reported 
In the case of each of the animals the first milk was drawn 
withm a few hours after partuntion The animals havmg been 
dry for a penod of time, the quantity obtamed was not sufiBcient 
m aU cases for complete analyses of both rmlk and milk fat 
Such data as it was possible to secure are reported m the table 
Complete analyses were made m each case as soon as sufiBcient 
milk was obtamed 

* Wmterstem, E , and Stnokler, E , Die chemische Zusammensetzung 
des Colo3truins mit besonderer BerQcksichtigung der Enveissstoffe, 7 
physiol Chem , 1906, xlvu 5S 
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DISCUSSION OF HESULTS 

Taking into account the fact that the first milking after par- 
timtion, that is, the true colostrum, m the case of Cow 17 was 
not sufficient for any analj^sis save that of percentage of ash, 
the data m Table VI show the mterestmg fact that the abnonnah- 
ties m composition of colostrum milk are m direct relation to 
the length of the penod of dryness All the colostrum samples 
showed a composition more or less characteristic of the first milk 
drawn after partuntion, but this was particularly stnkmg m 
the case of Cow 400, which was dry 83 days The percentage 
of total Bohds, protem, casern, heat-coagulable proteins, and ash 
was abnormally high m each case, while the percentage of lac- 
tose and fat was abnormall}' low However, m the case of 
Cow 22, dry 19 days, the milk was much less abnormal m com- 
position, although it showed a protem, casern, and heat-coagu- 
lable protem content considerably above normal The fat per- 
centage of the colostrum milk of Cow 17, namely 4 43, which was 
only shghtly below the normal fat percentage of this cows’ milk 
(which was 4 8 per cent) is m stnkmg contrast to the extremely 
low fat percentage of the colostrum milk of Cow 400 

The data m Table VI are less complete m regard to the physi- 
cal and chemical constants of the colostrum fat m the case of the 
four cows, owmg to the fact, already mentioned, that there was 
insufficient milk to furnish enough fat for these analjaes The 
data available mdicate, however, that the length of the penod 
of diymess had httle, if an 3 ', influence on the composition of the 
colostrum fat In each case the fat showed the composition 
characteristic of colostrum fat, havmg a low sapomfication and 
Reichert-Meissl value and high meltmg pomt The lodme value 
of the fats anal 3 'zed did not show the extremely high figure usually 
characteristic of colostrum fat 

The data m Table VI m general lead to the conclusion that the 
length of the penod of dryness is a factor mfluencmg the com- 
position of colostrum milk , but does not influence the composi- 
tion of colostrum milk fat The shorter the tune the cow is 
dry before partuntion the less abnormal will be the colostrum 
milk 
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DISCDBSION OF RESULTS 

Taking into account the fact that the first milking after par- 
turition, that IS, the true colostrum, m the case of Coiv 17 was 
not sufficient for any analysis save that of percentage of ash, 
the data in Table W show the interesting fact that the abnormah- 
ties in composition of colostrum milk are m direct relation to 
the length of the penod of drjmess All the colostrum samples 
showed a composition more or less characteristic of the first milk 
drawn after partuntion, but this was particularly staking m 
the case of Cow 400, which was dry 83 days The percentage 
of total sohds, protem, casern, heat-coagulsble proteins, and ash 
was abnormally high m each case, while the percentage of lac- 
tose and fat was abnormally low However, m the case of 
Cow 22, dry 19 days, the milk was much less abnormal m com- 
position, although it showed a protem, casern, and heat-coagu- 
lable protem content considerabl}’' above normal The fat per- 
centage of the colostrum milk of Cow 17, namely 4 43, which was 
only shghtl}'' below the normal fat percentage of this cows’ milk 
(which was 4 8 per cent) is m stnking contrast to the extremely 
low fat percentage of the colostrum milk of Cow 400 

The data m Table VI are less complete m regard to the phj’-ai- 
cal and chemical constants of the colostrum fat m the case of the 
four cows, owmg to the fact, already mentioned, that there was 
insufficient milk to furnish enough fat for these analj^es The 
data available mdicate, however, that the length of the penod 
of dimness had httle, if any, influence on the composition of the 
colostrum fat In each case the fat showed the composition 
characteristic of colostrum fat, havmg a low saponification and 
Reichert-Meissl value and high meltmg pomt The lodme value 
of the fats anali'zed did not show the extremely high figure usually 
characteristic of colostrum fat 

The data m Table VI m general lead to the conclusion that the 
length of the penod of drjTiess is a factor mfluencmg the com- 
position of colostrum milk, but does not influence the composi- 
tion of colostrum milk fat The shorter the time the cow is 
di^' before partuntion the less abnormal will be the colostrum 
milk 
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Influence of Parturition on Milk 


SUMMARY 

The conclusioiis which we have drawn from the data presented 
m the present paper may be summarized as follows 

1 Parturition in the case of the cow is normally accompamed 
by the production of milk of extremely abnormal composition, 
called colostrum 

2 When cows are milked up to parturition, however, the colos- 
trum milk and milk fat are much less abnormal m composition 
and follow closely the composition of the milk and milk fat given 
before partuntion 

3 The chief characteristic of the milk as the cow approaches 
parturition m these cases is the marked mcrease m the content 
of heat-coagulable proteins, which reach their ma ximum m the 
first milk foUowmg parturition, that is, the true colostrum milk. 
This would mdicate that a high content of heat-coagulable pro- 
teins IS the chief, if not the only, real effect of partuntion on the 
milk 

4 The length of tune the cow is dry before partuntion is a 
factor mfluencmg the compiosition of colostrum milk , but does 
not influence the composition of colostrum milk fat The shorter 
the time the cow is dry the less abnormal wiU be the composition 
of the colostrum milk 



A METHOD FOR THE DETERMIHATIOH OF NITRIC 
NITROGEN* 

Bt f m scales 

(Prom Ihe Laboraionet of the Soil Bacteriology Dimsion, Bureau of Plant 
Industry, United States Department of Agriculture, Washington ) 

(Received for publicatioa, September 15, 1916 ) 

A ample and accurate method of determining mtnc mtrogen 
m culture media and sod extracts has been much needed by soil 
biologists and chemists A procedure to be satisfactory must 
yield reliable results m the presence of unstable orgamc substances 
like the ammo and aimde compounds 
Practically aU of the methods now m use mvolve the reduc- 
tion of the mtrate to ammoma and its subsequent distillation 
into standard acid The reduction is effected by nascent hydro- 
gen which IS generated either m an acid or an aUcahne solution 
The prmcipal objection to the methods using an acid solution 
is that they take too long to effect reduction, or if the time is 
shortened by usmg larger quantities of reagents, the mcreased 
amount of acid may hydrolyze some orgamc material The 
better planned methods usmg an alkahne solution accomplish the 
reduction durmg distillation so that much less tune is needed 
to obtam results, but the amount of alkah required is so great 
that unstable orgamc matter may be decomposed 
Oigamc material does not affect the results obtamed by the pro- 
posed procedure The method is accurate and requires only the 
simplest modification of the regular Kjeldahl apparatus A zmc- 
copper couple is prepared m such a way that it can be renewed 
very easilv This couple decomposes water at the boihng pomt 
The hydrogen is evolved and the oxygen of the water combmes 
with the zanc to form zmc oxide The advantage m the use of this 

* Publuhed by permission of the Secretary of Agriculture 
Thanks are due Mr F L Goll of the OfBce of Soil Bacteriology for the 
illustration accompanying this report 
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Determination of Nitnc Nitrogen 


couple IS that neither an acid nor an alkaline reaction is necessary 
to promote the generation of hydrogen Therefore only a small 
amount of fixed a lkali is required to expel the ammonia formed by 
the reduction 


HISTORICAL 

The fact that a zmc-copper couple has the power of decom- 
posmg pure distilled water at room temperature has not been 
generally known and this undoubtedly is the reason that a direct 
distillation method using this couple has not been perfected for 
the detenmnation of mtrates m Bod analyses 

M W Williams^ showed that dilute solutions of mtrate are 
completely reduced to ammonia by this couple if kept at 30°C 
for a few hours, and that the reduction is hastened by the pres- 
ence of carbomc acid, and a neutral electrolyte hke sodium chlo- 
nde He poured the solution contaiiung the ammoma mto a 
Nessler tube and titrated with Nessler’s reagent m the ordinary 
way 

Keatmg Stock* used granulated zmc for his couple and re- 
duced the mtrate solution at 20-25‘’C for 48 hours He distilled 
off the ammoma and Nesslenzed This method is slower than 
most of the acid methods, but it does not take any longer than 
the acetic acid method with this same couple that is used at the 
Rothamsted Station ’ 


Apparalus 

The apparatus designed for use with this method is the sim- 
plest one that will satisfactorily scrub the distillate before the 
amm onia formed by the reduction passes mto the standard 
acid The apparatus may be understood by refemng to Fig 1 

The receiving end of the Wagner form of connection tube is fitted with 
an extra long rubber stopper* (A) which is slipped almost up to the bulb 


• WiUiams, M W , Tr Chem Soc , 1881, xxxix, 100, Analyst, 1881, vi, 36 
’ Stock, K , cited in Sutton, F , Volumetric Analj sis, Philadelphia, 
10th edition, 1911, 468 

» Russell, E J , / Agnc Sc , 1914, vi, 18 

■•AH Thomas Co 's No 25 (28 mm bottom bj 34 mm top and 38 mm 
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A large sue liplesa test-tube (B) about 23 mm in diameter bj 150 mm 
m length is fitted mth a rubber stopper (C) contammg two holes, one for 
the receivmg end of the connection tube, and the other for the glass tube 
(D) which goes to withm 1 cm of the bottom of the test-tube The holes 
m the rubber stopper should be made rather small for the tubes to insure 
a tight jomt If the tubes are heated a little before they are finallj put 



Pig 1 Apparatus for the determination of mtnc nitrogen with the 
*inc-copper couple 

m position thej will stick firmlj to the stopper If the bottom of the 
stopper when pushed as far as possible into the test-tube does not press 
finnlj against the sides of the tube it must be cut off to the place where 
its Bides do press against the tube. When steam gets between the test- 
tube and the stopper it will soon work to the top and the stopper will 
hai e to be replaced The joint (E) between the test-tube and the rubber 
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stopper IS covered with half inch electric tape which is wound twice around 
This part of the apparatus should be made so that the sides of the test- 
tube will be a uniform distance of 2 or 3 mm from the neck of the distil- 
Img flask 

The receiving end (F) of the glass tube (D) may be made by seahng 
the end of the tube and then blowing a large hole in the side just below 
the seal 

The glass perforated spherical enlargements on the delivery end of 
distillation tubes insure better absorption m the acid solution than a 
plam tube but a stiU more eflScient bulb for this purpose is easily made 
of cambric* by cutting out a circle of the cloth 9 cm in diameter and then 
gathering it m folds around the dehvery end of the tube (G), and tymg it 
with a cotton string which like the cloth has previously been boded m 
distilled water The bag thus formed should measure, when pulled down, 
about 3 6 cm from the bottom up to the strmg All the cloth above the 
strmg should be cut down close to it The entire surface of this bag in 
the receiving solution being acid, much of the ammoma is neutrahied 
before it is forced through the cloth The steam comes through the 
surface of the cloth in a uniformly fine spray till the receiving solution 
becomes hot enough when the sue of the bubbles increase, but under ordi- 
nary conditions they do not exceed 1 mm m diameter Bags thus pre- 
pared will last a long time Those used in this work have been m at least 
600 determinations 

The writer usually places a rubber stopper (H) just under the 
glass bulb to facihtate raising the tube out of the receiving solu- 
tion at the end of the distillation 

SoliUtons and Reagents 

Indicator — A test of vanous indicators showed that p-nitro- 
phenol IS the most satisfactory one for this work as it gives a 
sharp end-pomt m solutions ranging m temperature from 37- 
70°C The solutions at the lower temperature stood m cold 
water for a short time while those at the higher temperature 
were titrated 5 mmutes after bemg removed from the distiUmg 
shelf The mdicator is prepared by dissolvmg 1 gm of the 
commercially pure substance in 100 cc of 50 per cent alcohol 

Alkaline Solution — ^The alkahne solution was prepared from 
Merck’s stacks of potassium hydroxide purified bv alcohol, and 
standardized agamst chemically pure benzoic acid “ 

‘ Cambric 100 fBerkeley Mills) The weight of 100 sq cm of this 
material unboiled is 0 8 gm 

‘ The c p benzoic acid was obtained from the Bureau of Standards 
Their directions were followed with regard to the standardization 
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Acid Solution — ^The sulfimc acid solution was made exactly 
equal m strength to the potassium hydroxide solution 
Ammonia-Free Water — The water used for all this work was 
redistilled after aadifymg with suMunc acid to remove ammonia 
Sodium Nitrate Solution — The sodium mtrate standard was 
prepared by neutraluong titrated mtnc acid solution with sodium 
hydroxide 

Zinc — The zmc used for the couples is ordinary sheet 2 anc 
about 0 5 mm thick. It is cut m strips 2 cm wide by 8 cm long 
These stops are coded by roUmg around a pencd and then opened 
80 that the outermost circle of the cod is approximately 2 cm 
m diameter A cod weighs about 5 gm 80 gm , or sixteen of 
these cods, are dropped mto each of the flasks There ought 
to be about 200 cc of water m the flask so that the cods will 
not directly stoke the glass as they fad m The cods may be 
left m the flasks and used mdefinitely d their weight is mam- 
tamed at 80 gm by addmg one new cod about every week when 
they are used contmuaUy The flask holders of Pickel’ are very 
useful for the flasks contammg the cods In usmg zmc for the 
first tune it should be treated with an approximately 1 per cent 
sodium hydroxide solution and then with a 1 per cent sulfunc 
aad solution for 3 or 4 mmutes tdl it has been wed cleaned and 
a fresh surface of the metal is exposed The acid solution is 
then dramed from the flask and the couple is ready to be treated 
with the acid copper sulfate solution 
Acid Copper Sulfate — This solution is prepared by dissolvmg 
10 gm. of CuSOi 5HiO m 2 hters of distaded water and then 
addmg 6 cc of concentrated sulfunc aad 

Alumina Cream — ^This suspension is made by dissolvmg 50 
gm of AljfSOOj ISHjO m 2 hters of distdled water, and then 
addmg a few drops of some mdicator and neutrahzmg with an 
approximately normal sodium hj droxide solution The solution 
IS wed stirred and the precipitate adowed to settle, when the 
supernatant hqmd maj be siphoned off and more distided water 
added The preapitate is then allowed to settle over mght and 
the supernatant hquid agam siphoned off The thick cream 
13 kept for clanfimg soil extracts 
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stopper IS covered with half inch electno tape which is wound twice around 
This part of the apparatus should be made so that the sides of the test- 
tube will be a uniform distance of 2 or 3 mm from the neck of the distil- 
Img flask 

The receiving end (F) of the glass tube (D) may be made by sealmg 
the end of the tube and then blowing a large hole m the side just below 
the seal 

The glass perforated spherical enlargements on the delivery end of 
distillation tubes insure better absorption in the acid solution than a 
plam tube but a stiU more eflScient bulb for this purpose is eaady made 
of cambric* by cuttmg out a circle of the cloth 9 cm m diameter and then 
gathering it in folds around the delivery end of the tube (G), and tymg it 
with a cotton string which like the cloth hna previously been boiled m 
distilled water The bag thus formed should measure, when pulled down, 
about 3 5 cm from the bottom up to the string All the cloth above the 
strmg should be cut down close to it The entire surface of this bag in 
the receiving solution being acid, much of the ammonia is neutrahied 
before it is forced through the cloth The steam comes through the 
surface of the cloth m a uniformly fine spray till the receiving solution 
becomes hot enough when the sire of the bubbles morease, but under ordi- 
nary conditions they do not exceed 1 mm m diameter Bags thus pre 
pared will last a long tune Those used m this work have been in at least 
600 detemunations 

The writer usually places a rubber stopper (H) just under the 
glass bulb to facditate raising the tube out of the receiving solu- 
tion at the end of the distillation 

Solutions and Reagents 

Indicator — test of various indicators showed that p-nitro- 
phenol is the most satisfactory one for this work as it gives a 
sharp end-pomt m solutions rangmg m temperature from 37- 
70°C The solutions at the lower temperature stood m cold 
water for a short time while those at the higher temperature 
were titrated 5 mmutes after bemg removed from the distilhng 
shelf The mdicator is prepared by dissolvmg 1 gm of the 
commercially pure substance m 100 cc of 60 per cent alcohol 

Alkaline Solution — ^The alkahne solution was prepared from 
Merck’s sticks of potassium hydroxide punfied bv alcohol, and 
standardized against chemically pure benzoic acid “ 

‘ Cnmbnc 100 (Berkeley Mills) The weight of 100 sq cm of this 
material unboiled is 0 8 gm 

‘ The c p benzoic acid was obtained from the Bureau of Standards 
Their directions were followed with regard to the standardization 
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Aad Solutwn — ^The sulfunc acid solution was made exactly 
equal m strength to the potassium hydroxide solution 
Ammonia-Free Water — ^The water used for all this work was 
redistflled after acidifying with sulfunc acid to remove ammonia 
Sodium Nitrate Solution — ^The sodium mtrate standard was 
prepared by neutrahzmg titrated mtnc acid solution with sodium 
hydroxide 

Zinc. — The zmc used for the couples is ordinary sheet zmc 
about 0 5 mm thick. It is cut m stnps 2 cm wide by 8 cm long 
These stnps are coiled by roUmg around a penal and then opened 
so that the outermost circle of the coil is approximately 2 cm 
m diameter A coil waghs about 5 gm 80 gm , or sixteen of 
these cods, are dropped mto each of the flasks There ought 
to be about 200 cc of water m the flask so that the coils will 
not directly strike the glass as they fall in The coQs may be 
left m the flasks and used mdefimtely if their waght is mam- 
tamed at 80 gm by addmg one new coil about every week when 
they are used contmuaUy The flask holders of Pickel’ are very 
useful for the flasks contaimng the coils In usmg zmc for the 
first time it should be treated with an approximately 1 per cent 
sodium hydroxide solution and then with a 1 per cent sulfunc 
aad solution for 3 or 4 mmutes tiU it has been well cleaned and 
a fresh surface of the metal is exposed The aad solution is 
then dramed from the flask and the couple is ready to be treated 
with the aad copper sulfate solution 
Acid Copper Sulfate — ^This solution is prepared by dvssolvmg 
10 gm of CuSOt SHjO m 2 hters of distilled water and then 
addmg 6 cc of concentrated sulfunc acid 
Alumina Cream — This suspension is made by dissolvmg 50 
gm of AljfSOda ISHjO m 2 hters of distilled water, and then 
addmg a few drops of some mdicator and neutrahzmg with an 
approximately normal sodium hydroxide solution The solution 
IS well starred and the preapitate allowed to settle, when the 
supernatant hqmd may be siphoned off and more distilled water 
added The precipitate is then allowed to settle over mght and 
the supernatant hqmd agam siphoned off The thick cream 
IS kept for clanfjnng soil extracts 


Pickel J M , / Ind and Eng Chem 1916, vii 787 
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stopper 18 covered mth half inch electric tape which is wound twice around 
This part of the apparatus should be made so that the sides of the test- 
tube will be a umform distance of 2 or 3 mm from the neck of the distd- 
Img flask 

The receivmg end (T) of the glass tube (D) may be made by sealing 
the end of the tube and then blowing a large hole in the side just below 
the seal 

The glass perforated spherical enlargements on the delivery end of 
distillation tubes insure better absorption in the acid solution than a 
plam tube but a still more efficient bulb for this purpose is easdy made 
of oambnc* by cuttmg out a circle of the cloth 9 cm m diameter and then 
gathenng it in folds around the dehvery end of the tube (G), and tymg it 
with a Cotton stnng which like the cloth has previously been boiled in 
distilled water The bag thus formed should measure, when pulled down, 
about 3 6 cm from the bottom up to the string All the cloth above the 
stnng should be out down close to it The entire surface of this bag m 
the receiving solution being acid, much of the ammoma is neutrahied 
before it is forced through the cloth The steam comes through the 
surface of the cloth m a uniformly fine spray tiU the receiving solution 
becomes hot enough when the size of the bubbles increase, but under ordi- 
nary conditions they do not exceed 1 mm m diameter Bags thus pre- 
pared wiU last a long tune Those used in this work have been m at least 
500 determinations 

The writer usually places a rubber stopper (H) juat under the 
glass bulb to facihtate raising the tube out of the receiving solu- 
tion at the end of the distillation 

Solvitom and Reagents 

Indicator — A test of various indicators showed that p-nitro- 
phenol IB the most satisfactory one for this work as it gives a 
sharp end-pomt m solutions rangmg m temperature from 37- 
70°C The solutions at the lower temperature stood m cold 
water for a short time while those at the higher temperature 
were titrated 5 mmutes after bemg removed from the distdhng 
shelf The mdicator is prepared by dissolvmg 1 gm of the 
commercially pure substance m 100 cc of 50 per cent alcohol 

Alkaline Solution — ^The ^ alkalme solution was prepared from 
Merck’s sticks of potassium hydroxide purified bv alcohol, and 
standardized agamst chemically pure benzoic acid “ 

‘ Cambnc 100 (Berkeley Mills) The weight of 100 sq cm of this 
material unboiled is 0 8 gm 

• The c p benzoic acid was obtained from the Bureau of Standards 
Their directions were followed with regard to the standardization 
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This condition may be remedied by tnmmg out the gas and as 
soon as a httle of the receivmg solution has been drawn up mto 
the connectmg tube to form a seal, lowermg the receivmg flask. 
The vacuum produced by the coohng of the distillation flask 
will soon cause the contents of the scrubbmg tube to be siphoned 
over The gas may then be hghted and the distillation started 
agam 

DATA 

As high otgamc matter m the solution containmg mtrate 
generally mterferes with the accuracy of the determmation when 
made by direct reduction methods, it seemed desirable to find 
some simple way of removmg the bulk of soluble orgamc matter, 
so as to eliminate as far as possible any mterference by this ma- 
terial with the free generation of hydrogen 

After trymg a number of substances it was found that alumina 
cream would clarify the extract and remove suflSicient orgamc 
matter to permit a perfect workmg of the method 

To test the method under rather extreme conditions an extract was pre- 
pared from rotted manure by adding 600 cc of distilled water to 50 gm of 
the well dned matenaL The suspension was frequently shaken and after 
standmg 3 hours was filtered. 

16 cc of this very dark brown solution were added to each of five care- 
fully prepared 100 gm samples of air-dry greenhouse soil 25 cc of alu- 
mina cream were added to each sample and m addition 260 cc of distilled 
water Each sample was well shaken and after standing half an hour 
was poured onto a filter, the first runnings were poured back and an al- 
most perfectly clear and colorless filtrate was obtamed 200 cc. of each 
of the filtrates were poured mto KjeJdahl flasks, 1 gm of magnesia was 
added, and the extract boded to half its volume to expel ammoma When 
this was completed the solution, after standmg a short time, was cooled 
by the addition of 60 cc of redistdled water and then poured onto the 
couple, the flask was rinsed with approximately 35 cc of distdled water 
and then 14.56 mg of mtno mtrogen were added The mtrate was not 
added tiU just before begmnmg the distillation m order to elimmate any 
errors that might arise from mampulation since the test was made to 
determme wheUier distillation with these reagents would yield accurate 
results m the presence of orgamc matter 

6 gm of sodium chloride and about 0.5 gm of magnesia were added to 
each solution The extra amount of magnesia was put m to make up for 
a small quantity lost m transferrmg the solutions The flasks were then 
connected with the rest of the apparatus and the distiUation was started. 
The receivmg flasks for the distillates from the soil and manure extracts 
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Magnesia — ^The Baker and Adamson Chemical Company’s 
heavy magnesium oxide c p was used for all determmations 

Sodium Chloride — c p salt was used for the electrolyte. 

PBOCEDURB 

The procedure for making a determmation is simple and will 
lend itself readily to routme work 150 cc of the acid copper 
sulfate solution are poured mto the flask containmg the 2 aiic 
and allowed to stand at least 8 mmutes The solution may be 
left m contact with the zmc while the soil extracts are being 
filtered It is then poured off and the couple washed once 
with water Tap water may be used if it is all poured out 
agam 

The soil extract is prepared by addmg 300 cc of ammonia- 
free water to 100 gm of air-dry soil, or if the soil is high m orgamo 
matter 25 cc of al umin a cream and 275 cc of water This is 
allowed to stand half an hour with occasional shakmg and is 
then filtered 200 cc of the soil extract is poured mto the flask 
and a measureful of a mixture of 5 gm of sodium chloride and 
1 gm of magnesia emptied mto it The rubber stopper of the 
connection tube is fitted mto the mouth of the flask, and the 
dehvery end of the connectmg tube is placed m the receiving 
flask, which contains the acid and suflBcient distilled water 
to bung the volume to 100 cc The gas is hghted and the flame 
adjusted so that the contents of the flask wdl boil m 9 to 12 nun- 
utes The boihng is contmued for 45 mmutes, dunng which tune 
at least 125 cc of the soil extract should be distdled over The 
receivmg flask is then lowered and the cambric bag washed with 
only 1 or 2 cc of distilled water, so that no vacuum will be formed 
m the connection tube When the tube has been shghtly cooled 
by this small addition of water more may be thrown onto the 
bag where it is tied to the glass tube Tins is the only part that 
it IB necessary to wash as the steam will clean out the bag proper 
The distdlate is allowed to stand about 5 mmutes after the dis- 
tillation IS finished so that the temperature will be between 37 
and 70°C , when five drops of the p-mtrophenol are added and the 
titration is made with the tt caustic potash 

It sometimes happens that when the distillation is run too 
slowly the scrubbmg tube oecomes almost filled with water 
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This condition may be remedied by tummg out the gas and as 
soon as a little of the receivmg solution has been draivn up mto 
the connectmg tube to form a seal, lowermg the receivmg flask. 
The vacuum produced by the coolmg of the distillation flask 
will soon cause the contents of the scrubbmg tube to be siphoned 
over The gas may then be hghted and the distiUation started 
agam 

DATA. 

As high orgamc matter m the solution contammg mtrate 
generally mterferes with the accuracy of the detenmnation when 
made by direct reduction methods, it seemed desirable to find 
some simple way of removmg the bulk of soluble orgamc matter, 
so as to eliminate as far as possible any mterference by this ma- 
terial with the free generation of hydrogen 

After trymg a number of substances it was found that alumina 
cream would clarify the extract and remove sufficient organic 
matter to permit a perfect workmg of the method 

To teat the method under rather extreme conditions an extract was pre- 
pared from rotted manure by adding SOO cc of distilled water to BO gm of 
the well dried material The suspension was frequently shaken and after 
standmg 2 hours was filtered 

IS cc of this very dark brown solution were added to each of five care- 
fully prepared 100 gm samples of air-dry greenhouse sod, 25 cc of alu- 
mina cream were added to each sample and in addition 260 cc of distilled 
water Each sample was well shaken and after standing half an hour 
was poured onto a filter, the first runnings were poured back and an al- 
most perfectly clear and colorless filtrate was obtained 200 cc of each 
of the filtrates were poured mto Kjeldahl flasks, 1 gm of magnesia was 
added, and the extract boiled to half its volume to expel ammonia When 
ibis was completed the solution, after standing a short tune, was cooled 
by the addition of 60 cc of redistilled water and then poured onto the 
couple, the flask was rinsed with approximately 35 cc of distilled water 
and then 14.65 mg of nitnc nitrogen were added The nitrate was not 
added till just before beginning the distillation m order to eliminate any 
errors that might arise from mampulation smce the test was made to 
determme whe^er distillation with these reagents would yield accurate 
results m the presence of orgamc matter 

6 gm 0^ sodium chloride and about OA gm of magnesia were added to 
each solution. The extra amount of magnesia was put in to make up for 
a small quantity lost m transferring the solutions The flasks were then 
connected with the rest of the apparatus and the distillation was started. 
The receiving flasks for the distillates from the soil and manure extracts 
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contained 25 cc of standard acid and those for the distillates from the 
extracts with added nitrate 45 cc of acid 

A second set of determinations, Nos 6 to 10, were made with a slightly 
stronger manure extract and a larger quantity of added mtrate The 
titration of the distillates gave the following results 

TABLE L 


Nitnc NilTogen Recovered from Soil and Manure Extract 


SoQToe of extract 

Nitric nitrosen. 

Added. 

Theoretic^] 

total 

Found, 

Averace 





mg 

mff 

mg 

■ai 

1 

Soil and 

manure 

0 0 

10 85 

msM 

■I 

2 

« 

tt 

tt ' 

0 0 


■Rifl 

■Him 

3 


ft 


14 55 


25 16 

mu 

4. 


U 

<( 

14 56 


25 36 


5 

It 

tt 

tt 

14 55 


25 45 


6 

tt 

tt 

tt 

0 0 

11 93 



7 

It 

tt 

tt 

0 0 

11 93 

11 85 


8 

tt 

tt 

tt 

16 2 

27 13 

26 95 


9 

tt 

tt 

tt 

16 2 

27 13 



10 

tt 

tt 

tt 

16 2 

27 13 

27 16 

27 05 


The supenonty of this method of distiUmg from a solution 
made alkaline with only 1 gm of magnesia is readily apparent 

Allen,* appreciatmg its advantage says “A very large amount of effort 
was spent m this work in an attempt to obtam a reliable and accurate 
method by the reduction in the presence of MgO and distillation with an 
ordinary Kjeldahl rack, a method which would be extremely simple and 
rapid ’’ 

The low alkalmity produced by this quantity of oxide practi- 
cally ehmmates any possibflity of breakmg down orgamc mate- 
rial m the sod extracts 

To test the action of this alkali on orgamc material dupheate 
detennmations were run with distilled water to which had been 
added 10 mg of mtnc mtrogen and approximately 10 mg of 
mtrogen as urea, sodium asparagmate, glycocoll, peptone, or 
dned blood The averages of the dupheate detennmations are 
given m Table II 

• Allen, E 'SL., J Ind and Eng Chem , 1916, vn, 521 
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TABLE IL 

Nitnc Kiirogen Recovered vnthoul Hydrolysis of O fyartic Stibslanccs 


Babetsmtx 

Orgaato nitiosen. 
Quantity 

Nitrofftn* 

Nitnc 

quantity 

rwaL 

Recovered 

Mateml 

Nitroffen 


nf 

mg 

mg 

mg 

mg 

tJrea 

21 

9 79 

10 0 

19 79 

9 95 

Sodivtm ssparaginate 

122 

9 SS 

10 0 

19 SS 

9 93 

Glycocoll 

5i 

10 04 

10 0 

20 04 

9 94 

Peptone 

66 

9 78 

10 0 

19 78 

9 92 

Dned blood 

91 

12 79 

10 0 

22 79 

9 99 


A determmation made with a solution containing only urea 
yielded onlj'' the small quantity of ammoma contamed m the 
distilled water 


Probable Error 

As the results obtamed with this method were accurate it 
seemed desirable to ascertam the probable error occumng under 


TiEXEUL. 

The Probable Error of a Nxinc Nxirogen Deiermination 



Nitno nitroren recovered* 

Theoretical rahie 

3 00 

25 00 

experiment No 




mf 

mg 

1 

3 00 

24 90 

2 

2 GS 

24 90 

3 

3 01 

25 00 

4 

2 9S 

24 80 

5 

3 03 

24 90 

6 

3 00 

25 00 

7 

2 95 

24 80 

8 1 

3 00 

25 10 

9 

3 02 

24 80 

10 

2 97 

24 92 

11 

2 97 

24 95 

12 

2 90 

24 96 

Average 

2 90 

24 92 

Deviation from theoretical value 

-0 02 

-0 08 

Probable error 

*0 007 

*0 044 
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contained 25 cc of standard acid and those for the distillates from the 
extracts with added nitrate 46 oo of acid 

A second set of determinations, Nos 6 to 10, were made with a slightly 
stronger manure extract and a larger quantity of added nitrate The 
titration of the distillates gave the following results 

TABLE L 


Nttnc Nitrogen Recovered from Soil and Manure Extract 


Soorce of extract. 

NHrfo zutrogeiL 

Added. 

Theoretica 

toUl 

Found 

AretBce. 





mff 


mff 

w# 

1 

Soil and 

manure 

0 0 

10 85 

10 9 


2 

it 

u 

it 

0 0 


10 8 

10 86 

3 

<i 

ti 

u 

14 65 


25 16 


4. 

a 

u 

ti 

14 65 

25 40 

26 35 


6 

« 

u 

it 

14 66 


25 46 

25 31 

.. . 

6 

If 

a 

« 

0 0 

a 93 



7 

<( 

u 

ti 

0 0 

11 93 

11 85 

11 93 

8 

it 

it 

tt 

16 2 

27 13 

26 95 


9 

« 

a 

ti 

16 2 

27 13 



10 

a 

n 

« 

16 2 

27 13 

27 16 



The supenonty of this method of chatilhng from a solution 
made alkahne with only 1 gm of magnesia is readily apparent 

Alien,* appreciatmg its advantage says "A very large amount of effort 
was spent in this work in an attempt to obtam a reliable and accurate 
method by the reduction in the presence of MgO and distillation with an 
ordinary Kjeldahl rack, a method which would be extremely simple and 
rapid " 

The low alkahmty produced by this quantity of oxide practi- 
cally ehmmates any possibihty of breaking down orgamc mate- 
nal m the soil extracts 

To test the action of this alkah on organic material duphcate 
determinations were run with distilled water to which had been 
added 10 mg of mtnc mtrogen and approximately 10 mg of 
mtrogen as urea, sodium asparagmate, glycocoll, peptone, or 
dried blood The averages of the duphcate detemunations are 
given m Table 11 

• Allen, E B., •/ Ind and Eng Chem , 1915, vji, 521 
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TABLE n. 

Nitnc Nitrogen Recovered without Hydrolysis of Organic Substances 


SabstEuice. 

Orgamd nrtrocaa. 

1 Quantity 

Nitrogeiu 

Nitnc 

cjuantity 

TotaL 

Recovered 

MfttemL 

1 

N5tros«n. 


mp 



1 

mff 1 

mg 

Urea 

21 

9 79 

10 0 

19 79 

9 95 

Sodium asparagmate 

122 

9 SS 

10 0 

19 8S 1 

9 93 

GlycocoU 

54 

10 04 

10 0 

20 04 

9 94 

Peptone 

66 

9 78 

10 0 

19 78 

9 92 

Dned blood 

91 

12 79 

10 0 

22 79 

9 99 


A determination made with a solution containing only urea 
yielded only the small quantity of anunoma contained m the 
distilled water 


Probable Error 

As the results obtamed with this method were accurate it 
seemed desirable to ascertam the probable error occurring under 


TABLE ra. 

The Probable Error of a Nitnc Nitrogen Determination 



Nltrio rutrocfn iBCoremi. 

Theoretical -nJae 

3 00 

23 00 

■RLpetlmept No 




mg 

mg 

1 

3 00 

24 90 

2 

2 98 

24 90 

3 

3 01 

25 00 

4 

2 98 

24 80 

5 

3 03 

24 90 

6 

3 00 

25 00 

7 

2 95 

24 80 

8 

3 00 

25 10 

9 

3 02 

24 80 

10 

2 97 

24 92 

11 

2 97 

24 95 

12 

2 90 

24 98 

Average 

2 98 

24 92 

Deviation from theoretical value 

-0 02 

-0 OS 

Probable error 

*0 007 

*0 044 
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contained 26 cc of standard acid and those for the distillates from the 
extracts with added nitrate 46 co of acid 

A second set of determinations, Nos 6 to 10, were made with a slightly 
stronger manure extract and a larger quantity of added mtrate The 
titration of the distillates gave the followmg results 

TABLE L 


Niinc Nitrogen Recovered from Soil and Manure Extract 


Soiirce of extract 

Khno nitrogoiL. 

Added. 

Theoretica 

total. 

Found 

Averaee 





tnjf 

mff 

mff 

■B 

1 

Sod and 

manure 

0 0 

10 86 

IB 

Bi 

2 

tt 

tt 

tt 

0 0 

10 86 

iB 


3 

U 

tt 

it 

14 65 

25 40 

26 16 

Bi 

4. 

tt 

tt 

tt 

14 66 

25 40 

25 36 

Hi 

6 

tt 

tt 

tt 

14 66 

25 40 

26 45 

HI 

6 

tt 

tt 

tt 


11 93 



7 

« 

« 

« 


11 93 

11 85 

11 93 

8 

tt 


tt 

16 2 

27 13 



9 

tt 

tt 

tt 

16 2 

27 13 



10 

tt 

tt 

tt 

16 2 

27 15 

27 15 

27 05 


The Bupenonty of this method of distfllmg from a solution 
made alkaline with only 1 gm of ma gneain is readily apparent 

Allen,* appreciating its advantage say^ "A very large amount of effort 
was spent m this work in an attempt to obtam a rehable and accurate 
method by the reduction m the presence of MgO and distillation with an 
ordinEiry Kjeldahl rack, a method which would be extremely simple and 
rapid ” 

The low alkalini ty produced by this quantity of oxide practi- 
cally ehmmates any posaibflify of breaking down orgamc mate- 
nal m the sod extracts 

To test the action of this alkali on orgamc material duphcate 
deterrmnations were run with distilled water to which had been 
added 10 mg of mtnc mtrogen and approximately 10 mg of 
mtrogen as urea, sodium asparagmate, glycocoll, peptone, or 
dried blood The averages of the duplicate determmations are 
given m Table 11 

• Allen, E R., J Ind and Eng Chem , 1916, vii, 521 
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at the boihng point, therefore the reduction proceeds during tho 
distillation 2 A sunple apparatus has been made to give excel- 
lent results with this method 3 Accurate results are obtamed 
with solutions high m orgamc matter if they are clarified with 
a small quantity of alumma cream 4 Unstahle orgamc matter 
IS not broken down by this procedure, owmg to the shght alka- 
Imity produced by 1 gm of magnesia 5 The probable error 
shows that the method is accurate 
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the regular procedure Freshly prepared couples were accord- 
ingly made for twelve detenrunataons with 3 mg and twelve 
with 25 mg of mtnc mtrogen and the probable error of a single 
detenrunation calculated from the results obtamed by the method 
of least squares 

The low probable error shows that the method may be em- 
ployed where the most accilrate results are desu^d 

DISCUSSION 

The author has found that some couples will jaeld good results 
without renewmg them for four distillations when there is as 
much as 25 mg of mtnc mtrogen to be reduced Such results 
depend on the age of the zmc, the quahty of the couple formed, 
and possibly other factors Because of the complexity of this 
condition the author does not recommend the repeated use of a 
couple where more than 5 mg of mtnc mtrogen are to be deter- 
mmed and even then if it is a good couple it should not be used 
for more than four dete rmin ations For the present, until some 
method is found either for unprovmg or for estimatmg the con- 
dition of a couple, it should be renewed before each detenmna- 
tion When the couple is to be employed without recoppenng 
it should be washed once and used as soon as possible after dis- 
tillation IS fimshed The couple should not be left standmg in 
the residue of a distillation over mght for the magnesia cakes 
around the zmc which is then very dilBcult to clean even by the 
acid treatment If the zmc is washed shortly after a distillation 
a good couple can be made simply by addmg the required amount 
of acid copper sulfate solution It is, however, well to treat the 
zmc with 1 per cent sulfunc acid solution every 3 or 4 days to 
insure the formation of a good couple 

If the solution contaimng the mtrate is strongly alkalin e it 
should be acidified with sulfunc acid and an excess of magnesia 
added because strong alkahmty mterferes with the generation of 
hydrogen by this couple 


aUMMAHT 

1 A new method for the detennmation of mtnc mtrogen is 
descnbed A zinc-copper couple wdl reduce a mtrate m solution 
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at the boihng point, therefore the reduction proceeds during tho 
distillation 2 A simple apparatus has been made to give excel- 
lent results 'With this method 3 Accurate results are obtamed 
■with solutions high m orgamc matter if they are clarified with 
a small quantity of alumma cream 4 Unstable orgamc matter 
IB not broken down by this procedure, owmg to the shght alka- 
hmty produced by 1 gm of magnesia 5 The probable error 
shows that the method is accurate 




THE MECHAIHSM OF THE DIFFUSION OF ELECTRO- 
LYTES THROUGH THE MEMBRANES OF 
LIVING CELLS 

I THE NECESSITY OF A GENERAL SALT EFFECT UPON THE 

MEMBRANE AS A PREREQUISITE FOR THIS DIFFUSION 

By JACQUES LOEB 

{From the Laboratories of The Rockefeller Institute for Medical Research ) 
(Received for publication, September 11, 1916 ) 

INTHODUCmON 

In tins aeries of pubbcations the tmter intends to prove the 
existence of what he behaves to be a new principle in the mechan- 
ism of the diffusion of certain electrolj'tes through the membranes 
of Imng organs or cells, namely, that this diffusion depends, 
m addition to the osmotic pressure of the electrolyte, upon a 
second effect which he calls the general “salt effect” upon the 
membrane (or certam constituents of the membrane) ^ Last 
year Loeb and Cattell published the observation^ that when eggs 
of Fundvlus were washed for 24 hours in distilled water and then 
transferred to a solution of a potassium salt, it took a longer 
tune before the hearts of the embryos inside the egg stopped 
beatmg than when the eggs were transferred directly from sea 
water mto the same solution of the potassium salt This result 
was ascribed by us to the fact that m the distdled water the eggs 
lose the salts which are m chenucal combmation with the sur- 
face or the superficial layer of the membrane, and that this 
lack of salts at the surface was the reason for the retardation of 
the diffusion of the potassium salts mto the egg This view was 
supported by the measurements of the osmotic pressure of the 
jmce pressed out from washed and imwashed eggs,’ the osmotic 

* Loeb, J , Proc. Nat Acad Sc , 1916, u, 511 

’ Loeb, Proc Nat Acad Sc , 1915, i, 473 Loeb, J , and Cattell, McK 
J Biol Chcm , 1915, xxm, 41 

• Loeb, J , and VVastenej'S, H / Biol Chem , 1915, xxm, 157 
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the poisoning, and that a shghtly higher concentration of the 
same salts inhibits the poisoning That all these phenomena 
are due to an action on the membrane of the egg is proved by 
the fact that two salts utterly mcompatible with the life of the 
embryo or with heart action, e g , NaNOj + MnCl;, wiU produce 
the same effect as NaCl + CaClj This would be impossible 
of explanation on any other basis than that NaCl + CaClj as 
well as NaNOj + MnCb produce the salt effect as well as the 
antagonistic effect by actmg on the membrane of the egg and 
not by actmg on the heart or the embryo 
In 1905*^ the writer expressed the idea that the antagonistic 
action of traces of a salt with bivalent cation to high concen- 
trations of a salt with umvalent cation m the egg of Fund'idus 
was due to a prevention of the diffusion of the latter salt through 
the membrane, and this conclusion was based on the followmg fact 
When newly fertilized ^gs are put mto a 5/8 m NaCl solution no 
egg can form an embiyo, while the addition of a trace of ZnSO^, 
lead acetate, MnCIs, or practically of any salt with a bivalent 
cation, allowed all or many of the eggs to form embryos When, 
however, the newly hatched fish is put mto a 5/8 m NaCl solution 
it dies even more qmckly if a trace of ZnS 04 or lead acetate or 
MnClj IS added than m the pure 5/8 m NaCl solution For the 
embryo outside the membrane of the egg only Ca or Sr or Mg 
can be used as antagomsts to higher concentrations of NaCl 
This shows that the prolongation of the life of the egg m a 
5/8 M NaCl solution through the addition of a bivalent cation is 
due to a modification of the membrane by the latter whereby 
the membrane is rendered impermeable for these salts 

Moreover when we put the eggs of Fundulus with beatmg 
hearts mto a pure 3 m solution of NaCl the eggs are killed m 
about 3 hours while they hve for 3 to 5 days when we add the 
proper amoimt of Ca ' We can prove with certamty that the 
Ca acts by preventmg the diffusion of the NaCl mto the egg, 
smce if we put the newly hatched embryos mto the same 3 u 
NaCl + CaClj solution m which the unhatched embiyo of the 
same age fives 3 to 5 da}^, they die m less than 10 minutes The 
young lame of the fish freed from the membrane cannot five 

* Loeb, Arch pes Physiol , 1903, cvu 252 

‘ Loeb, Science, 1912, xxxvi, 637, Biochem Z , 1912, xlvu, 127 
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pressure of the latter being a tnfle higher It is our intention 
to show in this paper that the diffusion of KCl into washed eggs 
can be accelerated by adding to the KCl solution a moderate 
amount of salt, e g , sea water or a mixture of NaCl and CaQt 
or NaCI alone, thus proving that the retardation of the diffusion 
of potassium salts mto washed eggs is due to the lack of salts 
at the surface of the egg membrane The presence of these salts 
at the external surface of the egg membrane furnishes that second 
factor — ^the salt effect — ^required for the diffusion of the potas- 
sium salts When washed eggs are put mto a pure solution of 
KCl the diffusion of the latter salt mto the egg (t e , through the 
external surface or layer of the membrane) is delayed until so 
much KCl has combmed with certam elements of the surface of 
the membrane as to supply the “salt effect ” 

Before entermg mto a descnption of the experiments it will 
be well to prove that we are deahng m these experiments with 
an action upon the membrane of the egg and not upon the em- 
bryo or upon its heart It is one of the sbortcommgs of the 
usual experiments on salt action that we are at a loss to decide 
whether we are deahng with a salt action on the membrane or 
on the adjacent protoplasm Thus when we find that CaClj 
inhibits the twitchmg of muscles or nerves caused by NajSO*, Naj 
citrate, or N(CjHs)4Cl, we may be m doubt whether this is due 
to a prevention of the diffusion through the membrane or to an 
action of Ca upon the hvmg protoplasm, though the evidence 
speaks m favor of the former possibihty * In the expenments 
on the eggs of Pundvlus we are reheved of this difllculty smce 
we can always compare the action of the salt on the egg with 
its action upon the embryo just hatched and thus freed from the 
protection of the egg membrane Such a comparison gives us 
the certamty that m our expenments we are deahng with the 
effects of salts upon the egg membrane which we must con- 
ceive as impermeable for water and nearly impermeable for salts 

We shall see m this paper that an m/8 solution of KCl causes 
cessation of the heart beat of the embryo m the washed egg withm 
a certam tune, that the addition of a defimte but small quan- 
tity of the salts of sea water or of NaCl and CaClj accelerates 

‘Loeb, J, and Ewald, W F, / Siol Chem , 1916, dcv, 377 


Jacques Loeb 


341 


the poisoning, and that a shghtly hi^er concentration of the 
same salts inhibits the poisoning That all these phenomena 
are due to an action on the membrane of the egg is proved by 
the fact that two salts utterly mcompatible with the life of the 
embryo or with heart action, e g , NaNOs + MnCl-, wiU produce 
the same effect as NaCl + CaClj This would be impossible 
of explanation on any other basis than that NaCl + CaCIj as 
well as NaNOj + MnClj produce the salt effect as well as the 
antagonistic effect by actmg on the membrane of the egg and 
not by actmg on the heart or the embryo 
In 1905' the writer expressed the idea that the antagonistic 
action of traces of a salt with bivalent cation to high concen- 
trations of a salt with umvalent cation m the egg of Fundvlws 
was due to a prevention of the diffusion of the latter salt through 
the membrane, and this conclusion was based on the followmg fact 
When newly fertilized eggs are put mto a 5/8 m NaCl solution no 
egg can form an embryo, while the addition of a trace of ZnSOi, 
lead acetate, MnCli, or practically of any salt with a bivalent 
cation, allowed all or many of the eggs to form embryos When, 
however, the newly hatched fish is put mto a 5/8 m NaCl solution 
it dies even more quickly if a trace of ZnSO^ or lead acetate or 
MnClj 18 added than m the pure 5/8 m NaCl solution For the 
embryo outside the membrane of the egg only Ca or Sr or Mg 
can be used as antagomsts to higher concentrations of NaCl 
This shows that the prolongation of the life of the egg m a 
5/8 M NaCl solution through the addition of a bivalent cation is 
due to a modification of the membrane by the latter whereby 
the membrane is rendered impermeable for these salts 

Moreover when we put the e^s of Fundidus with beatmg 
hearts mto a pure 3 m solution of NaCl the eggs are killed m 
about 3 hours while they hve for 3 to 5 days when we add the 
proper amount of Ca' We can prove with certamty that the 
Ca acts by preventmg the diffusion of the NaCl mto the egg, 
smce if we put the newly hatched embryos mto the same 3 m 
N aQ + CaCl* solution m which the unhatched embryo of the 
same age hves 3 to 5 days, they die m less than 10 minutes The 
young larvaa of the fish freed from the membrane cannot hve 

‘Loeb, Arch get Physiol 1903, cvu 252 

‘ Loeb, Science, 1912, joocvi, 637, Biochem Z , 1912, xlvu, 127 
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pressure of the latter being a trifle higher It is our intention 
to show in this paper that the diffusion of KCI into washed eggs 
can be accelerated by adding to the KCI solution a moderate 
amount of salt, e g , sea water or a mixture of NaCl and CaClj 
or NaCl alone, thus proving that the retardation of the diffusion 
of potassium salts mto washed eggs is due to the lack of salts 
at the surface of the egg membrane The presence of these salts 
at the external surface of the egg membrane furnishes that second 
factor — ^the salt effect — ^required for the diffusion of the potas- 
sium salts When washed eggs are put mto a pure solution of 
KCI the diffusion of the latter salt mto the egg (i e , through the 
external surface or layer of the membrane) is delayed imtil so 
much KCI has combmed with certam elements of the surface of 
the membrane as to supply the “salt effect ” 

Before entermg mto a description of the experiments it will 
be well to prove that we are dealmg m these experiments with 
an action upon the membrane of the egg and not upon the em- 
bryo or upon its heart It is one of the sbortcommgs of the 
usual experiments on salt action that we are at a loss to decide 
whether we are dealmg with a salt action on the membrane or 
on the adjacent protoplasm Thus when we find that CaClj 
inhibits the twitchmg of muscles or nerves caused by NajSO^, Naj 
citrate, or N(CjH6)<Cl, we may be m doubt whether this is due 
to a prevention of the diffusion through the membrane or to an 
action of Ca upon the hvmg protoplasm, though the evidence 
speaks m favor of the former possibihty * In the experiments 
on the eggs of Fundidtis we are reheved of this difficulty smce 
we can always compare the action of the salt on the egg with 
its action upon the embryo just hatched and thus freed from the 
protection of the egg membrane Such a companson gives us 
the certamty that m our experiments we are dealmg with the 
effects of salts upon the egg membrane which we must con- 
ceive as impeimeable for water and nearly impermeable for salts 

We shall see m this paper that an m/8 solution of KCI causes 
cessation of the heart beat of the embryo m the washed egg withm 
a certam time, that the addition of a defimte but small quan- 
tity of the salts of sea water or of NaCl and CaCli accelerates 

<Loeb, J , and Ewald, W F , / Bxol Cham , 1916, xxv, 377 
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the poisoning, and that a shghtly higher concentration of the 
same salts inhibits the poisoning That all these phenomena 
are due to an action on the membrane of the egg is proved by 
the fact that two salts utterly mcompatible with the life of the 
embiyo or with heart action, e g , NaNOj + hInClj, will produce 
the same effect as NaCl + CaClj This would be impossible 
of explanation on any other basis than that NaCl + CaCl* as 
well as NaNOj + MnCls produce the salt effect as well as the 
antagonistic effect by acting on the membrane of the egg and 
not by acting on the heart or the embryo 

In 1905' the writer expressed the idea that the antagonistic 
action of traces of a salt with bivalent cation to high concen- 
trations of a salt with imivalent cation m the egg of Fundulus 
was due to a prevention of the diffusion of the latter salt through 
the membrane, and this conclusion was based on the following fact 
When newly fertilized eggs are put mto a 5/8 M NaCl solution no 
egg can fom an embryo, whde the addition of a trace of ZnSOi, 
lead acetate, MnCh, or practically of any salt with a bivalent 
cation, allowed all or many of the eggs to form embryos When, 
however, the newly hatched fish is put mto a 5/8 u NaCl solution 
it dies even more quickly if a trace of ZnSO< or lead acetate or 
MnClj IS added than m the pure 5/8 m NaCl solution For the 
embiyo outside the membrane of the egg only Ca or Sr or Mg 
can be used as antagonists to higher concentrationB of NaCl 
This shows that the prolongation of the life of the egg m a 
5/8 u NaCl solution through the addition of a bivalent cation is 
due to a modification of the membrane by the latter whereby 
the membrane is rendered impermeable for these salts 

Moreover when we put the eggs of Fundulus with beatmg 
hearts mto a pure 3 m solution of NaCl the eggs are lolled m 
about 3 hours while they hve for 3 to 5 days when we add the 
proper amoimt of Ca * We can prove with certamty that the 
Ca acts by preventmg the diffusion of the NaCl mto the egg, 
smce if we put the newly hatched embryos mto the same 3 m 
N aCl -f CaCla solution m which the unhatched embiyo of the 
same age hves 3 to 5 days, they die m less than 10 mmutes The 
young larvffi of the fish freed from the membrane cannot hve 

* boeb, Arch ges Physiol , 1905, cvn, 252 

‘Loeb, Science, 1912, xxxvi, 637, Biochem Z , 1912, xlvii, 127 
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in a solution of NaQ + CaCl* higher than 10/8 m ’ Hence 
we may be certam that only traces of a solution of 3 m NaCl + 
CaClj diffuse through the membrane of the eggs so that it takes 
from 3 to 6 days to allow so much NaCl + CaClj to diffuse 
through the membrane as is required to raise the concentration 
inside the membrane to 10/8 m or above 

This statement can be corroborated by determinations of the 
specific gravity of fertilized eggs of Fundvlus The method of 
these experiments consisted in ascertammg the concentration 
of NaCl solution m which the eggs were just able to float The 
normal egg of Fundvlus has a specific gravity higher than sea 
water but less than that of a 14/8 m NaCl solution ® Thus it 
was ascertamed that eggs kept for 6 days m sea water floated 
m 14/8 M and sometimes m 13/8 m NaCl, eggs of the same fe- 
male kept 6 dajrs m distilled water floated m 13/8 m NaCl and 
sometimes m 12/8 m NaCl, eggs kept for 3 days m 3 m NaCl + 
CaClj sank at first m a 15/8 m NaCl solution but rose agam m 
a few mmutes and remamed at the surface (after havmg lost the 
salt solution which adhered at their surface when first brought 
into the 15/8 m NaCl from the 3 m NaCl + CaClj solution) 
They were not able to float m a 14/8 ai NaCl solution This 
experiment gives an mdication of how slowly a balanced solu- 
tion or HjO diffuses mto or through the membrane In a 3 m 
NaCl -f CaClj solution the specific gravity of eggs mcreased m 3 
days only about 7 per cent and m HjO the specific gravity d im in- 
ished to about the same amount m 6 days 

Smce from our experiments we drew conclusions upon the 
diffusion of KCl through the membrane of the egg it may be 
well to show the difference of the action of KCl solutions upon 
the embryo when mside the membrane and when freed from the 
membrane The embryo mside the egg can five more than a 
week in a pure m/16 KCl solution, especially when the egg is 
previously washed m HjO or m dilute sea water, e g , m/80 
The fish themselves succumb to a pure m/16 KCl solution in 
less than 1 hour, no matter whether they are put directly into 
the m/16 KCl solution from normal (m/2) sea water or whether 
they are previously kept for 6 days m m/80 sea water In the 

^ Loeb, Btochem Z , 1913, lui, 391 

• Loeb, Btochem Z , 1912, \lvji, 127 
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■ hatched fish the heart stopped beating m an m/8 KGl 
on in considerably less than 30 mmutes, often m 10 minutes, 
the embryos of the same lot of eggs but stdl inside the mem- 

were not poisoned by the same KCl solution in 24 hours, 

■ the eggs were previously washed m HjO or m/ 80 sea water 
could hve m such a solution as long as 6 days This proves 

as well as the salts penetrate the membrane extremely 
( and that the salt effect as well as the antagonistic salt 
1 to be described in this paper are due to modifications of 
gg membrane and not to an action upon the embryo itself 
our experiments we generally only modify the salt contents 
: external surface or layer of the egg membrane The inter- 
lyer is m contact with the hqmd of the egg, eg , & solution 
a freezmg pomt depression of between 0 75 and 0 77° * 
probable that the osmotic pressure of the hqmd inside the 
3 furnished chiefly by electrolytes This hqmd is generally 
iffected by the washmg of the eggs 

\e Difference in the Rate of Diffusion of Potassium Salts into 
Washed and Unwashed Eggs 

gs washed for 24 hours m distilled water and unwashed 
(taken directly from sea water) were put mto different 
nitrations of a potassium salt, e g , KCl or KjSOi, and after 
ite mtervals the rate of poisomng m the two sets of eggs 
ascertamed by countmg the percentage of hearts stdl beat- 
n each solution The smaller this percentage at a given 
, the greater the rate of poisoning Each solution contamed 
:t twenty eggs (about 1 week old and with heart beat and 
ilation well established) Tables I and II show the differ- 
m the rate of poisonmg between the washed and unwashed 
This difference corresponds exactly with our theory 
unwashed eggs (Table I) contam at the begmnmg enough 
at the Surface of their membrane to permit the rapid dif- 
»n of KiSOi mto the egg Accordmgly we notice that m 
solutions a sharp drop m the percentage of beatmg hearts 
irs durmg the first 2 or 3 hours, durmg which time the sur- 
of the membrane has still enough salt for the salt effect 
sr this period the further drop m the percentage of heart 
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m a solution of NaCl + CaCIj higher than 10/8 m ' Hence 
we may be certam that only traces of a solution of 3 m NaCl + 
CaClj diffuse through the membrane of the eggs so that it takes 
from 3 to 5 days to allow so much NaCl + CaCli to diffuse 
through the membrane as is required to raise the concentration 
inside the membrane to 10/8 m or above 

This statement can be corroborated by determinations of the 
specific gravity of fertilized eggs of Fundidiis The method of 
these experiments consisted m ascertammg the concentration 
of NaCl solution m which the eggs were just able to float The 
normal egg of Fundvlus has a specific gravity higher than sea 
water but less than that of a 14/8 m NaCl solution * Thus it 
was ascertamed that eggs kept for 6 days m sea water floated 
m 14/8 M and sometimes m 13/8 m NaCl, eggs of the same fe- 
male kept 6 days m distilled water floated m 13/8 m NaCl and 
sometimes m 12/8 m NaCl, eggs kept for 3 days m 3 m NaCl -1- 
CaClj sank at first m a 15/8 m NaCl solution but rose agam m 
a few mmutes and remained at the surface (after havmg lost the 
salt solution which adhered at their surface when first brought 
mto the 16/8 m NaCl from the 3 m NaCl + CaCli solution) 
They were not able to float m a 14/8 m NaCl solution This 
experiment gives an indication of how slowly a balanced solu- 
tion or HjO diffuses mto or through the membrane In a 3 m 
NaCl -}- CaClj solution the specific gravity of eggs mcreased m 3 
days only about 7 per cent and m HjO the specific gravity dimm- 
ished to about the same amount m 6 days 

Smce from our experiments we drew conclusions upon the 
diffusion of KCl through the membrane of the egg it may be 
well to show the difference of the action of KCl solutions ujxin 
the embryo when inside the membrane and when freed from the 
membrane The embiyo inside the egg can hve more than a 
week m a pure m/16 KCl solution, especially when the egg is 
previously washed m HxO or m dilute sea water, eff, m/80 
The fish themselves succumb to a pure m/16 KCl solution m 
less than 1 hour, no matter whether they are put directly mto 
the m/16 KCl solution from normal (m/2) sea water or whether 
they are previously kept for 6 days in m/80 sea water In the 

1 Loeb, Biochem Z , 1913, bu, 391 

• Loeb, Btochem Z , 1912, xlvii 127 
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newly hatched fish the heart stopped beating m an ii/8 KGl 
solution in considerabl}'' less than 30 minutes, often m 10 minutes, 
while the embryos of the same lot of eggs but still inside the mem- 
brane were not pnjisoned by the same KCl solution m 24 hours, 
and if the eggs were previously washed m HjO or m/ 80 sea water 
they could hve in such a solution as long as 6 daj's This proves 
that HtO as well as the salts penetrate the membrane extremely 
slowly and that the salt effect as well as the antagonistic salt 
action to be described in this paper are due to modifications of 
the egg membrane and not to an action upon the embryo itself 

In our experiments we generally only modify the salt contents 
of the external surface or layer of the egg membrane The mter- 
nal layer is m contact with the hquid of the egg, eg , a solution 
with a freezmg pomt depression of between 0 75 and 0 77“ ’ 
It is probable that the osmotic pressure of the hqmd mside the 
egg 13 furnished chiefly by electrolytes This hqmd is generally 
not affected by the washmg of the eggs 

I The Difference tn the Rate of Diffusum of Potassium Salts into 
Washed and Unwashed Eggs 

Eggs washed for 24 hours m distiUed water and unwashed 
eggs (taken directly from sea water) were put mto different 
concentrations of a potassium salt, e g , KCl or K^Ot, and after 
defimte mtervals the rate of poisomng m the two sets of eggs 
was ascertamed by countmg the percentage of hearts still beat- 
ing m each solution The smaller this percentage at a given 
tune, the greater the rate of poisoning Each solution contamed 
about twenty eggs (about 1 week old and with heart beat and 
circulation well established) Tables I and 11 show the differ- 
ence m the rate of poisomng between the washed and imwashed 
eggs This difference corresponds exactly with our theory 
The unwashed eggs (Table I) contam at the begmmng enough 
salt at the surface of their membrane to permit the rapid dif- 
fusion of KsS 04 mto the egg Accordmgly we notice that m 
all solutions a sharp drop m the percentage of beatmg hearts 
occurs durmg the first 2 or 3 hours, dunng which tune the sur- 
face of the membrane has still enough salt for the salt effect 
After this penod the further drop m the percentage of heart 
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m a solution of NaCl + CaClj higher than 10/8 m ’ Hence 
we may be certain that only traces of a solution of 3 m NaCl + 
CaC3j diffuse through the membrane of the eggs so that it tabes 
from 3 to 6 days to allow so much NaCl + CaCli to diffuse 
through the membrane as is required to raise the concentration 
inside the membrane to 10/8 m or above 

This statement can be corroborated by detenmnations of the 
specific gravity of fertilized eggs of Fundulus The method of 
these experiments consisted in ascertammg the concentration 
of NaCl solution m which the eggs were just able to float The 
normal egg of Fundulus has a specific gravity higher than sea 
water but less than that of a 14/8 m NaCl solution ® Thus it 
was ascertamed that eggs kept for 6 days m sea water floated 
m 14/8 M and sometimes m 13/8 m NaCl, eggs of the same fe- 
male kept 6 days in distilled water floated m 13/8 m NaCl and 
sometimes m 12/8 m NaCl, eggs kept for 3 days in 3 m NaCl + 
CaClj sank at first m a 15/8 m NaCl solution but rose agam m 
a few mmutes and remamed at the surface (after having lost the 
salt solution which adhered at their surface when first brought 
mto the 15/8 m NaCl from the 3 m NaCl -f- CaClj solution) 
They were not able to float m a 14/8 m NaCl solution This 
experiment gives an indication of how slowly a balanced solu- 
tion or HjO diffuses mto or through the membrane In a 3 m 
NaCl -}- CaClj solution the specific gravity of eggs moreased m 3 
days only about 7 per cent and m HjO the specific gravity dimin- 
ished to about the same amount m 6 days 

Smce from our experiments we drew conclusions upon the 
diffusion of KCl through the membrane of the egg it may be 
well to show the difference of the action of KCl solutions upon 
the embryo when mside the membrane and when freed from the 
membrane The embryo inside the egg can hve more than a 
week m a pure u/16 KCl solution, especially when the egg is 
previously washed m HjO or m dilute sea water, m/80 
The fish themselves succumb to a pure m/16 KCI solution in 
less than 1 hour, no matter whether they are put directly mto 
the m/16 KCl solution from normal (m/2) sea water or whether 
they are previously kept for 6 days m m/80 sea water In the 

^ Loeb, Biochem Z , 1913, hu, 391 

• Loeb, Biochem Z , 1912, xivu, 127 
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newly hatched fish the heart stopped beating in an m/8 KGl 
solution in considerably less than 30 minutes, often m 10 mmutes, 
whde the embryos of the same lot of eggs but stdl inside the mem- 
brane were not poisoned by the same KCl solution in 24 hours, 
and if the eggs were previously washed m H.O or m/ 80 sea water 
they could hve in such a solution as long as 6 days This proves 
that HjO as well as the salts penetrate the membrane extremely 
slowly and that the salt effect as well as the antagonistic salt 
action to be described m this paper are due to modifications of 
the egg membrane and not to an action upon the embryo itself 

In our experunents we generally only modify the salt contents 
of the external surface or layer of the egg membrane The mter- 
nal layer is m contact with the hqmd of the egg, eg , & solution 
with a freezmg pomt depression of between 0 76 and 0 77° ’ 
It IS probable that the osmotic pressure of the hqmd inside the 
egg is furnished chiefly by electrolytes This hqmd is generally 
not affected by the washing of the eggs 

I The Difference tn the Rate of Diffusion of Potassium Salts into 
Washed and Unwashed Eggs 

Eggs washed for 24 hours m distilled water and unwashed 
eggs (taken directly from sea water) were put mto different 
poncentrataons of a potassium salt, e g , KCl or K:S 04 , and after 
defimte mtervals the rate of poisonmg m the two sets of eggs 
was ascertamed by countmg the percentage of hearts stQl beat- 
mg m each solution The smaller this percentage at a given 
tune, the greater the rate of poisoning Each solution contamed 
about twenty eggs (about 1 week old and with heart beat and 
circulation well established) Tables I and II show the differ- 
ence m the rate of poisonmg between the washed and tmwashed 
eggs This difference corresponds exactly with our theoiy 
The unwashed eggs (Table I) contam at the beginning enough 
salt at the Surface of their membrane to penmt the rapid dif- 
fusion of KjSOa mto the egg Accordmgly we notice that m 
all solutions a sharp drop m the percentage of beatmg hearts 
occurs durmg the first 2 or 3 hours, dunng which time the sur- 
face of the membrane has still enough salt for the salt effect 
After this period the further drop m the percentage of heart 
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m a solution of NaCl + CaCl* higher than 10/8 m ^ Hence 
we may be certam that only traces of a solution of 3 m NaG + 
CaCls diffuse through the membrane of the eggs so that it takes 
from 3 to 5 days to allow so much NaCl -f CaG* to diffuse 
through the membrane as is required to raise the concentration 
inside the membrane to 10/8 M or above 

This statement can be corroborated by determinations of the 
specific gravity of fertilized eggs of Fundulus The method of 
these experiments consisted m ascertammg the concentration 
of NaCl solution m which the eggs were just able to float The 
normal egg of Fundulus has a specific gravity higher than sea 
water but less than that of a 14/8 m NaCl solution ® Thus it 
was ascertamed that eggs kept for 6 daj^ m sea water floated 
m 14/8 M and sometimes m 13/8 m NaCl, eggs of the same fe- 
male kept 6 days in distilled water floated m 13/8 m NaCl and 
sometimes m 12/8 m NaCl, eggs kept for 3 days m 3 m NaG + 
CaCl* sank at first m a 15/8 m NaG solution but rose agam in 
a few mmutes and remamed at the surface (after havmg lost the 
salt solution which adhered at their surface when first brought 
mto the 15/8 m NaCl from the 3 m NaCl -f- CaGi solution) 
They were not able to float m a 14/8 m NaCl solution This 
experiment gives an mdication of how slowly a balanced solu- 
tion or HjO diffuses mto or through the membrane In a 3 m 
NaCl -b CaGt solution the specific gravity of eggs mcreased in 3 
days only about 7 per cent and m HjO the specific gravity dimm- 
ished to about the same amount m 6 days 

Smee from our experiments we drew conclusions upon the 
diffusion of KG through the membrane of the egg it may be 
well to show the difference of the action of KG solutions upon 
the embryo when mside the membrane and when freed from the 
membrane The embryo inside the egg can hve more t h a n a 
week m a pure m/16 KG solution, especially when the e^ is 
previously washed m HsO or m dilute sea water, eg, m/80 
The fish themselves succumb to a pure m/16 KCl solution m 
less than 1 hour, no matter whether they are put directly mto 
the m/16 KCl solution from normal (m/2) sea water or whether 
they are previously kept for 6 days in m/80 sea water In the 

^ Loeb, Btochem Z , 1913, Im, 391 

* Loeb, Btochem Z , 1912, xlvii, 127 
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TABLE n. 


P ercentage of washed em with besHor hearts » e of eges kept for 2i hrs 
in dhtiUed water before being put into K*SO< 



u/2 

! 

M/8 

»/16 

M/3J j 

w/M 

vfm 

vnss 

Itn 









1 

90 

100 

100 

100 

100 

100 

100 

100 

2 

35 

100 

100 

100 

100 

100 1 

100 

100 

4 

0 

75 

100 

100 

100 

100 

100 

100 

12 


50 

100 

100 

100 

100 

100 

100 

23 


5 

85 

100 

100 

100 

100 

100 

47 


0 

80 

100 

95 

85 

100 

100 

78 


0 

80 

100 

90 

1 80 

95 

100 

123 1 



40 

92 

90 

50 

85 

95 

177 



15 

70 

60 

I 45 

55 

75 

288 



5 

6 

10 

0 

5 

16 
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1 



0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 


It may perhaps be desirable to foDow these results a httle 
niore m detail We begm with the m/8 KjSO^ solution 
Half of the unwashed eggs stop beating m an m/8 KsSO< solu- 
tion m 2 hours (Table I), while not a smgle one of the washed 
shows a cessation of the heart beat m the same time m an 
m/8 K:S0< solution (Table II), and only a shght poisomng effect 
appears in the washed eggs m an m/8 KsS04 solution imtil the 
4th day From that tune on a more rapid mcrease m the per- 
centage of poisoned hearts is found m the washed eggs owmg 
to the gradual production of a salt effect upon the membranes 
by the m/8 KiSOi solution itself In the unwashed eggs there 
ifi a rapid drop m the percentage of beatmg hearts durmg the 
first few hours (Table I), after this tune the number of eggs 
with beatmg hearts remains almost constant, smce the salts 
have diffused away from the surface of the eggs mto the out- 
side solutions From now on the further salt effect upon the 
membrane has to be supplied by the m/8 KCl solution itself 
This IS a slow process and we therefore notice a very slow m- 
crease m the percentage of poisoned eggs after the first 6 hours 
m the unwashed eggs (Table I) The same difference exists 
for the m/16, m/32, and m/64 KsS04 solution Half of the 
unwashed eggs stop beatmg m these solutions m the first 3 hours, 
owmg to the presence of the salts of the sea water at the surface 
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TABLE I 


After 


Pcrcontage of unwaahed etjga (talren directly from sea water) with 
beatifif bearte in K»S04, 



u/2 

u/4 

u/8 

u/16 

u/3!! 

»;/« 

m /128 

M/IS 

Ar* 









i 

80 

86 


100 

100 

100 


100 

I 

60 

76 

80 

80 

76 

76 

95 

100 

2 


30 


60 

65 

60 

95 

95 

6 


20 

45 , 

45 

46 

60 


80 

11 


10 


40 

40 

60 

65 

70 

22 


10 

! 36 

40 

' 66 

65 


70 

48 


0 

15 

40 

45 

60 


70 

78 




36 

40 

65 

66 

70 

123 



6 

25 

30 

46 


76 

176 



0 

35 

30 

20 

45 

76 

267 




0 

5 

0 

6 

16 

343 





° 1 

° 1 

0 

0 


beats IS slow, for the reason that by this time the greater amouni 
of salts of the sea water has diffused from the surface of the 
membrane mto the outside solutions From now on the furthei 
diffusion of KiSO^ into the egg is retarded until enough of thie 
salt has entered mto combmation with the outer surface (or 
layer) of the membrane to supply the general salt effect 
On the other hand, the washed eggs (Table II) contam at the 
be ginnin g no or only an inadequate amount of salt at the sur- 
face of their membrane, and hence accordmg to our theory the 
diffusion of KjSOi through the membrane should be impossible 
A glance at Table 11 shows that this is the case, inasmuch as 
durmg the first 2 hours not a smgle heart stops beatmg m the 
solutions below m/2 K2SO4 and durmg the first 12 hours none 
stop beatmg m the solutions below m/8 K2S04 The diffusion 
of KsSOi mto the washed eggs can only begm after enough KjSOi 
has combmed with the outer surface or layer of the membrane 
to furnish the general salt effect required for the diffusion of the 
potassium salts through the membrane This happens the more 
ranidly the higher the concentration of the KjSOi solutions 
After once the surface of the membrane is supphed with the ' 
necessary amount of salt for the salt effect, the hearts stop beat- 
mg rather rapidly 
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TABIE n. 


I^rcefltace of waLshed era with b«atiii£ Iwarta % e of e^cs k«pt for 24 hw 
in diablled waUr befor* Mine ioto KtS04 



m/3 

M/4 

u/8 

u/16 

ir/S2 

u/M 

m/125 

u/259 

Art 





1 

i 



1 

90 

100 

100 

100 

1 100 

i 100 

100 

100 

2 

35 

100 

100 

100 

100 

100 

100 

100 

4 

0 

1 75 

100 

100 

100 

100 

100 

100 

12 


50 

100 

100 

100 

100 

100 

100 

23 


5 

85 

100 

100 

100 

100 

100 

47 


0 

80 

100 

95 

85 

100 

100 

78 


0 

80 

100 

90 

80 

95 

100 

123 



40 

92 

90 

60 

85 

95 

177 



15 

70 

50 

45 

65 

75 

268 



5 

5 

10 

0 

5 

16 

343 



0 

0 

0 

0 

0 

0 


It may perhaps be desirable to follow these results a httle 
more in detail We begm with the ii/8 KsS 04 solution 
Half of the unwashed eggs stop beating in an ii/8 KsS 04 solu- 
tion in 2 hoiuB (Table I), while not a smgle one of the washed 
eggs shows a cessation of the heart beat in the same time m an 
ii /8 K 1 SO 4 solution (Table 11), and only a shght poisoning effect 
appears m the washed e^ m an ii/8 KaS 04 solution imtil the 
4th day From that time on a more rapid increase m the per- 
centage of poisoned hearts is found m the washed eggs owmg 
to the gradual production of a salt effect upon the membranes 
by the m/8 KjS 04 solution itself In the unwashed eggs there 
IS a rapid drop m the percentage of beatmg hearts during the 
first few hours (Table I), after this time the number of eggs 
with beatmg hearts remains almost constant, smee the salts 
have diffused away from the surface of the eggs mto the out- 
side solutions From now on the further salt effect upon the 
membrane has to be supphed by the m/8 KCl solution itself 
This IS a slow process and we therefore notice a very slow m- 
crease m the percentage of poisoned eggs after the first 6 hours 
m the imwashed eggs (Table I) The same difference exists 
for the m/16> m/32, and m/64 K ^04 solution Half of the 
unwashed eggs stop beatmg m these solutions m the first 3 hours, 
owmg to the presence of the salts of the sea water at the surface 
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TABLE L 


Percentage of tmwnsbed egEs ftalcen directly from eea water) with 
bcahnc bearte in LtSOc 





u/8 

u/16 

is/22 

m/64 

M/12S 

b/IH 

krt 









i 

80 

86 


100 

100 

100 


100 

1 

60 

75 

80 

80 

76 

76 

95 

100 

2 

0 

30 

50 

60 

66 

60 

95 

95 

6 


20 

46 

45 

46 

60 


80 

11 




40 

40 

60 


Ml 

22 


mm 

35 

40 

65 

65 


mSi 

48 


■9 

15 

40 

46 

60 


HI 

78 


HI 

10 

36 

40 

65 


13 

123 



6 

26 

30 

46 

Bin 

mm 

176 




36 

30 

20 



267 




0 

5 

0 

mm 

19 

343 

■ 

■ 

H 


0 

0 

0 

H 


beats IS slow, for the reason that by this tune the greater amount 
of salts of the sea water has diffused from the surface of the 
membrane into the outside solutions From now on the further 
diffusion of K1SO4 mto the egg is retarded until enough of this 
salt has entered into combmation with the outer surface (or 
layer) of the membrane to supply the general salt effect 
On the other hand, the washed eggs (Table II) contam at the 
be gmnin g no or only an inadequate amount of salt at the sur- 
face of their membrane, and hence accordmg to our theory the 
diffusion of KjSOi through the membrane should be impossible 
A glance at Table II shows that this is the case, inasmuch as 
durmg the first 2 hours not a smgle heart stops beatmg m the 
solutions below m /2 KsS04 and dunng the first 12 hours none 
stop beatmg m the solutions below m /8 K2SO4 The diffusion 
of KsS 04 mto the washed eggs can only begm after enough KjS04 
has combmed with the outer surface or layer of the membrane 
to furnish the general salt effect reqriired for the diffusion of the 
potassium salts through the membrane This happens the more 
rapidly the higher the concentration of the KiS04 solutions 
After once the surface of the membrane is supphed with the 
necessary amount of salt for the salt effect, the hearts stop beat- 

mg rather rapidly 
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TABtE IL 


rei centage of washed eja with beatinx heorta » e of eces kept for 24 bra, 
ia distlUed water bc/oio Demc put into KiSOi 



ii/s 

W/4 

m/B 

m/16 

! M733 

m/64 

is/VtS 

M/256 







1 



1 

eo 

100 

100 

100 

100 

100 

100 

100 

2 

36 

100 

100 

100 

100 

100 

100 

100 

4 

0 

76 

100 

100 

100 

100 

100 

100 

12 


50 

100 

100 

100 

100 

100 

100 

23 


5 

86 

100 

100 

100 

100 

100 

47 


0 

80 

100 

95 

86 

100 

100 

78 


0 

80 

100 

90 

80 

95 

100 

123 

! 


40 

92 

90 

50 

85 

95 

177 



15 

70 

60 

46 

56 

76 

268 



6 

6 

10 

0 

5 

15 

343 



0 

0 

0 

0 

0 

1 

0 

1 

1 


It may perhaps be desirable to follow these results a httle 
more m detail We begm with the m/8 KsS 04 solutioii 
Half of the unwashed eggs stop beatmg m an m/8 K2SO4 solu- 
tion m 2 hours (Table I), while not a smgle one of the washed 
eggs shows a cessation of the heart beat m the same tune m an 
m/8 KjSOi solution (Table II), and only a shght poisomng effect 
appears m the washed eggs m an m/8 KjSOi solution untd the 
4th day From that tune on a more rapid merease m the per- 
centage of poisoned hearts is found m the washed eggs owing 
to the gradual production of a salt effect upon the membranes 
by the m/8 EjSO^ solution itself In the unwashed eggs there 
IS a rapid drop in the percentage of beatmg hearts dunng the 
first few hours (Table I), after this tune the number of eggs 
with beatmg hearts remains almost constant, smce the salts 
have diffused away from the surface of the eggs mto the out- 
side solutions From now on the further salt effect upon the 
membrane has to be supplied by the m/8 KCl solution itself 
This IS a slow process and we therefore notice a very slow m- 
crease m the percentage of poisoned eggs after the first 6 hours 
m the unwashed eggs (Table I) The same difference exists 
for the m/16, m/32, and m/64 KjSO, solution Half of the 
unwashed eggs stop beatmg m these solutions m the first 3 hours, 
owmg to the presence of the salts of the sea water at the surface 
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of the membrane, while it requires a week or more before the 
same effect is produced m the washed eggs by the same solutions 
In the m/4 solution, 70 per cent of the unwashed eggs had 
stopped beatmg m the first 2 hours (Table I), while not a single 
one of the washed eggs (Table 11) was poisoned m this tune, 
owmg to the lack of salts at the surface of the latter and of their 
presence at the surface of the unwashed eggs After this tune 
the m/4 KjSOi is beginning to produce the salt effect and now the 
washed eggs are poisoned almost as rapidly as the unwashed 
eggs This IS shown also m the fact that it regimes about as 
much tune to poison the last egg of the imwashed as of the washed 
eggs m the m/4 K1SO4 and the weaker solutions In the m/2 
K1SO4, the difference between the washed and imwashed eggs 
becomes less marked simply because the m/2 EtS04 solution can 
produce the salt effect upon the membrane of the washed eggs 
more rapidly 

Similar observations as m the case of EjSOi were made m 
regard to the effect of KCl solutions upon washed and unwashed 
eggs Thus more than 50 per cent of the hearts of unwashed 
eggs ceased to beat m an m/8 KCl solution after less than 1§ 
hours while 60 per cent of the hearts m the washed eggs were 
still beatmg after 2 days m the same solution 
These experiments therefore harmomze with the idea that the 
rapidity of the diffusion of a potassium salt through the membrane 
of the egg of Furidvlus depends, m addition to the osmotic pres- 
sure of the KCl solution, upon the presence or absence of salt at 
the surface or the superficial layers of this membrane 

II The Acceleration of the Diffusion of KCl through the Addition of 
a Moderate Amount of a Different Salt, and the Retardation of 
this Diffusion by the Addition of a Greater Amount of Salt 

We can prove the correctness of the last statement by puttmg 
washed e^ of Funduius (a) mto pure m/8 Kd solutions and (b) 
mto m/8 KCl solutions to which some sea water or some other 
salt solution has been added If it is true that the hearts of 
the washed eggs m the previous experiments stopped so much 
later because then membranes did not contam enough salt, the 
addition of some sea water or some other salt solution should 







accderate the poiBomng of washed eggs in an m/8 KCl solution, 
and the more so the higher (up to a certain limit) the concen- 
tration of the sea water Eggs were put for 24 hours m HjO 
(after havmg been washed three times m H«0) and were then 
distnbuted m m/8 KCl solutions made up m H-O and m mcreas- 
mg concentrations of sea water up to normal sea water We 
call the concentration of our sea water m/2 although it is a trifle 
higher, and we call twice diluted sea water m/4, and so on Table 
ni gives the result of the experiment 

TABLE m. 


Percentac® of washed ejgs with beatinc hearts in u/S KCl made up 
in sea water or HrO 


After 




Sea water 



1 

mo 


«/2 

u/1 

M/s 

m/1B 

m/32 




(fojr* 

1 

24 

70 

46 

65 

63 

72 

85 

1 

82 

96 

2 

10 

20 

30 

44 

55 

65 

55 

63 

SO 

3 

36 

0 

16 

34 

28 

42 

55 

50 

55 

4 

30 

0 

8 

8 

14 

36 

20 

37 

45 

5 

10 

0 

4 

0 

0 

27 

16 

25 

25 

6 

0 

0 i 

0 

0 

9 

18 

15 

18 

15 

7 

0 

0 

0 

0 

9 

13 

10 

6 

0 


While it was more than 3 days until 50 per cent of the hearts 
of the washed eggs stopped beatmg when put mto a pure m/8 
KCl solution, m an m/8 KCl solution m undiluted sea water it 
took considerably less than a day, and m an m/8 KCl solution 
made up m twice diluted (m/4), four tunes diluted (m/8), and 
eight times diluted (m/16) sea water it took less than 2 days 
In m/8 KCI dissolved m m/128 and m/256 sea water the eggs 
behaved as they did m the pure m/8 KCl solutions This proves 
that our contention was correct that the difference between the 
rate at which washed and unwashed eggs were poisoned by 
the solution of potassium salt was due to lack of salts on the sur- 
face (or the superficial layer) of the membrane Another m- 
terestmg fact appears m these experiments m/4 sea water, 
while less efficient dunng the first 2 days of the experiment than 
undiluted sea water, becomes more efficient from the 3rd day on, 
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because, as we assume, the amount of salts which diffuses mto 
the surface layer of the membranes in the undiluted sea water 
exceeds the quantity required for the acceleration of the diffu- 
sion of ECl and the opposite effect is produced, namely, a retarda- 
tion (antagonistic salt action) 

Smce the sea water contains a small amount of KCl it was 
necessary to show that the substitution of a physiologically bal- 
anced salt solution (free from KO) for sea water gives the same 
result Such a solution affords us also an opportumty to prove 
ftof whtTe the addttion of a moderate amount of salt (e g , m/8 or 
m/4) accelerates the rate of diffusion of m/8 KCl into the washed 
eggs, a slightly higher concentration of NaCl -f CaCU, ts.12 or m/1, 
has the opposite effect, namely, to retard or prevent the diffusion 
of KCl into the egg, with the exception of the first hour or more, 
when they also accelerate the diffusion 
Eggs washed for 24 hours in HjO were distributed mto m/8 
KCl solutions made up m HjO and m different concentrations 
of NaCl + Cadi (m the proportion m which these salts are 
contamed m sea water, 100 molectdes of NaCl to 1 75 molecules 
ofCaCIi) 


TABLE IV 



Percectace of washed eec* ^th b«at2^ hearts in u/S KCl in 

NaCi-f- OiCh or fltO 

After 

N«a + CaCli 

HjO 


v/1 

ti/i 

u/i 

u/B 

M/lfi 

11/33 

u/M 

u/va 

11/ 


dapi 











1 

100 

73 

74: 


95 

98 

87 

75 

86 

06 

2 

100 

77 

38 

64 

86 

84 

66 


85 

80 

3 

100 

77 

9 



26 

63 

20 

86 

56 

4 

100 

73 



26 



Eli 

80 

45 

5 

100 

67 





47 

20 


25 


We notice the same fact as m the expenment with sea water, 
namely, that if an it/8 KCl solution is made up in m/4 or m/8 
solution of NaCl -f- CaClt the velocity with which KCl diffuses 
mto the egg is accelerated, thus provmg that the action of sea 
water was not due to the Kd it contamed Thus after 3 days, 
more than 50 per cent of the eggs had still beatmg hearts m the 
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pure m/8 KCl solutions, while m the m/8 KCl solution made up 
in m/4 NaCl + CaCl« only 9 per cent had beatmg hearts After 
3 days all the hearts had stopped beating m m/8 KCl solutions 
made up m m/4 and m/8 NaCl + CaClj whde m the pure m/8 
KCl solutions still 45 per cent of the eggs had beatmg hearts 
The m/8 KCl solution made up m m/2 NaCl + CaClj is of 
special mterest Durmg the Ist day (and very probably dur- 
ing the first hours of the 1st day) the number of eggs with beat- 
mg hearts fell to 73 per cent while m the pure m/8 KCl solution 
it fell only to 96 per cent Therefore the m/2 NaCl -}- CaClj 
at first accelerates the diffusion of KCl through the membrane 
This IS quite mteUigible on the basis of our theory The equihb- 
num between the surface of the membrane and the salt solu- 
tion was not established at once but only graduall}'^, and before 
the equihbnum was complete there existed a condition m which 
the membrane had as much salt as corresponded to the eqmhb- 
num with an m/8 and later a m/4 solution of NaCl -f- CaClj which 
accelerate the diffusion Durmg this penod 27 per cent of the 
eggs were poisoned Then more salt entered mto combmation 
■With the membrane and the opposite result was produced, namely, 
an impermeabditj’’ to m/8 KCl We therefore see that durmg 
the next 4 days no more eggs were poisoned with KCl In the 
m/ 1 NaCl -b CaCli this latter condition was produced so rapidly 
that there was no chance for the diffusion of enough KCl mto 
the eggs to cause the cessation of heart beats All the hearts 
■were stdl beatmg m one experiment m an m/8 KCl solution 
made up m m/1 NaCl -b CaCla -b MgCli -b MgSOi after 19 
days, when the experiment was discontmued 
The precedmg experiments have shown that the acceleration 
of the rate of poisomng with m/8 KCl m m/8 or m/4 sea water 
IS due to a salt action upon the membrane We can also show 
that the prevention of the poisomng by an m/8 KCl solution 
through a m/1 or m/2 solution of NaCl -b CaCh is not due to 
an action of these latter salts upon the heart, but to an action 
upon the membrane This proof is furnished by the fact already 
mentioned m the mtroduction, that a solution utterly mcom- 
patible with the activity of the heart of Fundulus, e g , NaNOj -b 
hlnCli, acts m the same way as NaCl -b CaCli, as shown m 
Table V Eggs washed 24 hours m HjO were put mto M/8 KCl 
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made up m HjO and different concentrations of NaNOs + MnCJj 
(100 molecules of the NaNOj to 1 75 molecules of the MnClj) 

TABLE V 


Percontago of waahod with bratios heortB in m/ 8 KCl in 
Nal^+- MnCli or H*0 


Aftor 



NaNO» + MnCl, 



HiO 


u/1 

ll/3 


M/fi 

u/ie 

m/32 

u/« 

1 


45 

44 

44 

90 

85 


86 

2 


46 


68 

85 

75 i 

76 , 

60 

3 


45 


60 

76 



60 

4 

90 

46 



46 

66 


40 

6 


34 

0 


33 



10 


This experiment shows that the m/8 KCl solution was not 
able to poison any of the when the solution was made up 
in a m/1 solution of NaNOs + MnCJ* This protective or an- 
tagonistic action of NaNOj -f MnClj could only have been due 
to a salt effect upon the membrane, whereby the diffusion was 
prevented While m the pure m/8 KCl solution 85 per cent of 
the embiyos were still alive after 1 day, m the m/8 KCl solution 
made up m m/2, m/4, and m/8 solution of NaNOj -f MnQs more 
than half of the hearts of the embiyos had stopped beatmg m 
the same time, while m the m/8 KCl made up m m/16, m/32, 
and m/64 solution of NaNOj MnClj the embryos behaved 
like those m the pure m/8 KCl We notice agam the charac- 
teristic phenomenon that m m/8 KCl made up m m/2 NaNOj -h 
MnClj during the 1st day a sharp drop occurs m the number of 
beatmg hearts (to 45 per cent), while m the pure m/8 KCl solu- 
tion at this tune only 15 per cent of the hearts have stopped 
beatmg After that the number of eggs with beatmg hearts 
remams constant m the m/8 KCl solution made up m m/2 NaNOj 
-f MnClj while m the pure m/8 KCl solution it di min ishes con- 
stantly The explanation is the same as given for NaCl -f- Cadj 
Smce it might be thought that this antagonistic action was 
due to the presence of the bivalent cation Ca or Mn m the solu- 
tion we may state that non-balanced salt solutions act m the 
same way The foUowmg experiment (Table VI) with NaBr may 
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serve as an example Eggs washed for 24 hours m H 5 O were 
put into m/8 KCl made up m different concentrations of NaBr 

TABLE VL 


Peiwnta^B of wathed cgja with beatins hearts in u/8 KCl in NaBr 
Hi J or sea water 


After 





NaBr 





HiO 

Sea 


u/l 



m/8 



IXf&l 

U/12S; 

m/2M, 


water 

1 

100 

95 

52 

47 

76 

65 

70 

74 

85 

95 

35 

2 

92 

i 

85 

40 

i 

40 

65 

55 

60 

57 

80 

75 

15 


It IS obvious that m/1 and m/2 NaBr solutions prevented the 
drfirusion of KCl mto the eggs smce practically the hearts of 
all of them contmued to beat In the m/8 KCl solution made 
up m m/4 and m/8 NaBr the eggs were poisoned more rapidly 
than m the pure m/8 KCl solution and the same was true for the 
eggs m the m/8 KCl solutions made up m m/4 sea water The 
m/8 KCl solutions made up m m/16 to m/256 NaBr acted almost 
like the pure m/8 KCl solution 

CONCLUSION 

AU these experiments prove that the diffusion of KCl through 
the membrane of the egg of Fundulus does not depend only on the 
osmotic pressure of the KCl solution hut that in addition a certain 
modification of the membrane is required {general salt effect ) This 
modification is produced by the action of salts upon the external 
surface or layer of the membrane (presumably upon the proteins 
of the membrane) When the eggs are m the- sea water the salts 
of the latter supply this general salt action upon the membrane 
When the membranes are sufficiently freed from the salts of the 
sea water by washing them for 24 hours m HjO and if the}’’ are 
then put mto a pure solution of a potassium salt the poisonous 
effect of the potassium salt is delayed imtil the potassium salt 
itself has had time to supply the salt effect upon the membrane 
required to permit the diffusion of this salt through the mem- 
brane When the concentration of the potassium salt is low 
its diffusion mto the washed eggs of Fundulus can be accelerated 
by addmg some other balanced or non-balanced salt solution, 
which supphes the salt effect upon the membrane 
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When the concentration of the salt solution added to the KCl 
solution 19 shghtty higher than that required for the accelerating 
salt effect upon the membrane, the opposite phenomenon is 
observed, namely, the retardation or prevention of the diffusion 
of the potassium salt This latter effect, the antagonistic salt 
action, has thus far alone aroused the attention of the workers, 
although the general salt effect discussed m this paper was already 
noticed 6 years ago when we found that the adult fish of Fundtdus 
die more rapidly m m/100 to m/66 KCl solutions when 10 
molecules of NaCl are added to 1 molecule of KCl, while the 
opposite effect, namely, an antagomstic action, results when 
more (17 molecules or more) NaCl is added to the 1 molecule 
of KCl ’ The meanmg of the fact, t e , the necessity of a general 
salt effect for the diffusion of potassium, was at that time not 
recogmzed, but we can now explam these observations on the 
assumption that while the gills or skin of the fish contam enough 
salt to permit the diffusion of m/100 Kd through the surface 
a better salt effect is reached when about 10 molecules of NaCl 
are added to 1 molecule of KCl The addition of 17 or more 
molecules of NaCl to 1 molecule of KCl has the opposite effect of 
retardmg the diffusion of KCl (antagomstic salt action) This 
observation shows that the phenomena descnbed for the mem- 
brane of the egg of Fundulus are not confined to this object but 
are more general in character 

It has become customary m physiology to discnmmate be- 
tween diffusion and secretion, the term diffusion bemg used 
when the difference m pressure of the diffusmg substance on both 
sides of a membrane is sufficient to account for the direction of the 
diffusion, while we speak of secretion when this is no longer pos- 
sible Some authors imply that m the latter case specifically vital 
conditions or conditions inseparable from the life of the cell play a 
r61e The question whether the exchange of gases m the lungs 
IS a mere process of diffusion or one of secretion has divided 
physiologists for some time It is quite possible that the facts 
pubhshed m this paper will help towards liftmg the veil of 
m 3 ^tery from certam cases of secretion 

* Loeb and Wasteneys, Biochem Z , 1911, xxxii, 165 



THE MECHANISM OF THE DIFFUSION OF ELECTRO- 
LYTES THROUGH THE MEMBRANES OF 
LIVING CELLS 


n THE DIFFUSION OF KCl OUT OF THE EGG OF FUNDULUS 
AND THE RELATIVE EFFICIENCT OF DIFFERENT 
IONS FOR THE SALT EFFECT 

By JACQUES LOEB 

(From the Laboratones of The Rockefeller Insliluic for Medical Research ) 

(Received for publication, September 16, 1916 ) 

•I The ImpossibUtty of Recovery from Potassium Poisoning tn 
Solutions of Non-Electrolytes 

We showed m the first part of this senes* that the diffusion of 
potassium salts through the membrane of the hving egg of Fum- 
dulus depends, in addition to the osmotic pressure of the solution, 
on a second effect which we called the general salt effect Thus 
if the external surface of the membranes of the eggs is freed 
from salt by washmg for 24 hours m disfalled water, the potas- 
sium salts cannot diffuse mto the egg until the external surface 
of its membrane has been agam supphed with salts either by add- 
mg a second salt or by giving the potassium salt m solution time 
to enter mto combmation with certam constituents of the mem- 
brane and thus to supply the general salt effect 
Loeb and Cattell- have already shown that by depnvmg the 
external surface of the membrane of salts an obstacle is created 
also for the diffusion of potassium salts m the opposite direction, 
namely, from the mtenor of the egg mto the surroundmg solution 
When eggs of Fundulus are poisoned with KCl until aU the hearts 
stop beatmg, they can recover and the hearts can begm to beat 
agam, as soon as enough KCI has diffused out of the egg to 

‘ Loeb, J , J Biol Chem , 1916, vxv u, 339 
* Loeb, J and Cattell, IMcK., J Biol Chem , 1915, xxiii, 41 
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the concentration of KQ made the egg bdoTtlstW 
^ jch IS required for the cessation of the heart beat LoAul 
a icil found that eggs Aept in a KC) solution until althetoih 
opped beating could not recover wheo put sabssiiEifli 
^ o istilled iraicr or a solution of cane sugary while they wdi 
^ "fien put into solutions of electrolytes The sans aotlffl 
^ ^ ^ slioim that in this recovery from potassnm p®®! 
^nt^rAi^^ anion in the outside eolation played an mpr 

rras inasmuch as the relatii e efficient ofQ SOi ctoi* 

In 2 ™'"”'“''^ “ ’ ^ 16 (Hind/.*) 

n’atcr the eggs irere put dimlltf"®® 

®incG tie solution where theyremamcflf®^^^ 

^ such a stopped beating, as a rule, m less than 2 

in excess contained an amount of KQf®^ 

^Sg alsn deeded for the cessation of the bent 

of ICC] contained approximately the 

^stilled Water tu ^SSs are put from the u/2 

to permit tig ^ at first enough salt at theff 

‘iere/ore through thememh«>^f 

by ^ ®^ace iwater But after a fewl^ 

external sn^ out ® conadersble part of it« 

for tiTSi'"'' of ti and as a conseqaeect^ 
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TABU3 L 


Percentago olpouosed eega which recovered in clycerol solationa 
ees water or HrO 


Aitcx 

GlyceroL 

k/2 

Sea 

HiO 







Jj/M 

U/12S 

m/256; 

m/512 

water 

daft 




■ 

1 

1 

1 







1 

26 

10 

10 


11 

0 

10 

0 


75 

5 

1 

26 

20 

15 

El 

11 

0 

15 

5 


100 

10 

2 

21 

10 

15 

11 

5 

0 

10 

5 



10 

3 

10 

10 

20 

11 

5 

0 

5 

5 



5 

4 

21 

10 

10 

5 

5 

0 

5 

5 

10 


5 

5 

21 

10 1 

1 

5 1 

1 

6 

1 

5 

0 

5 

0 

5 


5 

Eggs then transferred to sea water 

1 

89 

100 

95 

100 

100 

100 

95 



HI 

nn 


salt effect upon the membrane After this no further recovery 
took place m the nevt 5 days Then the eggs were transferred 
into sea water where the salt effect was supphed In 24 hours 
practically all the eggs had recovered, the figures are given above 
Table 11 gives a s imilar experiment with cane sugar 

TABLE IL 


PerMntace of eggt which recorarad in cans raear or HtO 


Aft«r 

1 

j Cane erusar 



u/l 

; u/2 

W* 

m/B 


m/33 

m/M 

ti/m 

M/25Sj 

u/SU 

M/I 03* 

§ 

daft 













i 

14 

5 

14 

5 

9 

5 

15 

38 

11 

23 

5 

0 

1 

14 

10 

14 

20 

14 

18 

15 

38 

22 

34 

10 

0 

2 

14 

15 

14 

15 

5 

10 

15 

22 

11 

34 

10 

0 

3 

14 

10 

9 

10 

14 

10 

6 

22 

11 

23 

0 

0 

4 

9 

10 

9 

10 

14 


5 

22 

0 

34 

0 

0 

5 

9 

10 

14 

10 

1 

5 

0 

0 

0 

0 

29 

0 



Agam we notice the same stnkmg phenomenon that what httle 
recovery there is in the solutions of cane sugar takes place durmg 
the first 6 hours vhen the salt has not yet diffused m sufficient 
quantities from the external surface of the membrane After 
5 days the number of recoveries has not mcreased beyond that 
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bnng the concentration of KCl inBide the egg below that hnut 
which IS required for the cessation of the heart beat Loeb and 
CatteU found that eggs kept in a KCl solution until all the hearts 
stopped beating could not recover when put subsequently 
into distilled water or a solution of cane sugar, while they could 
recover when put into solutions of electrolytes The same authors 
have also shown that in this recovery from potassium poisomng 
the nature of the amon m the outside solution played an impor- 
tant rdle, masmuch as the relative efficiency of Cl SO4 citrate 
was approximately as 1 4 16 (Hardy^s rule) 

In our new experiments the eggs were put directly from sea 
water mto a m/2 KCl solution where they remamed for 12 hours 
Smce the hearts stopped beatmg, as a rule, m less than 2 hours 
in such a solution, each egg contained an amoimt of KCl consider- 
ably m excess of that needed for the cessation of the heart beat 
Each egg also probably contamed approximately the same 
amount of KCl When such eggs are put from the m/2 KCl mto 
distilled water, they contam at first enough salt at their sur- 
face to permit the diffusion of KCl through the membrane, and 
we may therefore expect that m the first few hours a few of the 
eggs may recover even m distilled water But after a few hours 
the external surface will have lost a considerable part of its salts 
by diffusion mto the outside solution and as a consequence this 
external surface or layer of the membrane will become imperme- 
able for the KCl and from then on no more eggs should be able 
to recover This was actually observed for eggs which were put 
mto HjO after treatment with KCl and we wiU show that the 
same is true if eggs poisoned with KCl are put mto any solution 
of a non-electrolyte 

We first give as an illustration the behavior of eggs poisoned 
for 12 hours m m/2 KCl and then put mto glycerol solutions of 
different concentrations (Table I) By recovered eggs we mean 
eggs whose hearts beat regularly agam While 75 per cent of the 
eggs recovered m sea water inside of 6 hours and all recovered 
m 24 hours, of those put mto HjO or glycerol solutions veiy few 
recovered The important fact is that the small number of re- 
coveries observed m glycerol and H»0 took place dunng the first 
6 hours only, while the external surface of the egg membrane 
had not yet lost that quantity of salts required for the general 
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n The Recovery of Eggs rn Balanced and Non-Balanced Solutions 

When we put eggs which had been kept for 12 hours in a m/2 
KCl solution into a solution of certain electrolytes instead of 
non-electrolytes, we observe an altogether different phenomenon 
from that descnbed for solutions of non-electrolytes An al- 
most complete recoverj'- of all the eggs takes place m the salt 
solutions above a certam concentration inside of 6 hours and a 
gradual recovery m the weaker solutions, smce m the weaker 
solutions enough salt must gradually combme with the outer 
surface of the membrane to produce enough of a salt effect to 
allow at least the slaw diffusion of KCl through the membrane 
Table IV gives the recovei^'- in different concentrations of sea 
water of eggs poisoned for 12 hours previousl}^ m m/2 KCl 

TABLE IV 



This experiment was earned on with the same matenal and 
simultaneously with the glycerol experiment (Table I) If we 
compare the two we notice the salt effect, namel 3 '', the quick re- 
covery of a majonty of the eggs m m/2 and m/4 solutions of sea 
water withm 6 hours In the previous experiment on the dif- 
fusion of the KCl m the opposite direction, into the egg, we noticed 
also that the m/2 and the m/4 sea water accelerated the diffusion 
of KCl through the membrane m the first 6 hours No such 
acceleration is found m the experiments with the non-electrolytes 
Moreoier, with each daj more and more eggs recover m the 
weaker concentrations of sea water, while no such influence of 
the concentration can be found m the case of non-electrolytes 
We shall now show that there is no great difference between 
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which took place during the first 6 hours The number of re- 
covenes which took place during the first 6 hours was compara- 
tively large, owmg to the fact that either the salt content of these 
eggs was shghtly greater than m the glycerol experiment, or the 
salts diffused away from the surface of the membrane with less 
rapidity than m the case of other non-electrolytes 

TABLE m. 


Percentftee of esgs which recovered in enpe Btifar or HsO 


After 





Grape BQ£&r 





ao 


u/l 

u/2 

m/4 




u/M 

u/US 

h/2« 


dap$ 

i 

6 

16 

16 

1 5 

1 0 

0 

6 

6 

6 

1 0 

m 

1 

0 

16 

10 

5 

0 

0 

0 

6 

0 

0 

mm 

2 

10 

16 

20 

6 

0 

6 

0 

6 

0 

0 



The eggs were then transferred to sea water The recovery took place 
rather rapidly 


1 

74 

91 

86 

76 

1 86 

1 

66 

60 

1 65 

70 

1 65 

2 

100 

96 

95 

100 

1 100 

I 95 

95 

85 

I 85 

90 

[ 86 


Fmally we give a third experiment on the recovery of poisoned 
eggs m grape sugar (Table III) As m the previous experiments 
with non-electrolytes a small percentage of recovenes occurred 
m grape sugar during the first 6 hours when not enough salt had 
diffused away from the surface of the membrane After the first 
hours no further recovenes took place because the outer layer 
and surface did not contain enough salt for this purpose As 
soon, however, as the eggs were put mto sea water the recovery 
became very rapid smee then the outer surface and layer of 
the membrane was supphed with salt 

Experiments with other non-electrolytes (or very weak elec- 
trolytes) like ethyl and methyl alcohol and urea gave about the 
same results as those reported From all these experiments we 
can draw the foUowmg conclusion The diffusion of KCl out of 
the interior of the poisoned Fundulus eggs cannot take place when 
the external surface or layer of the membrane contains less salt than 
that required to produce the salt effect upon the membrane 
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dition balanced solutions bice sea water are ]UEt as fit to render 
the diffusion of KCl out of the egg possible as non-balanced solu- 
tions, and that it is therefore impossible to ascribe this result 
to an “mjuiy” to the membrane 
It was of mterest to find out whether higher concentrations 
of Naa solution or of NaQ + CaClj would prevent the diffu- 
sion of KCl out of the egg (antagonistic salt action), but this 
was not the case Eggs that had been poisoned m m/2 KCl 
recovered more promptly when put mto 3 m, 2^ m, 2 m, and m 
NaCl + CaQi than when put mto m/2, m/4, or m/8 solutions 
The probable explanation is that the diffusion of KCl out of the 
egg took place m these highly concentrated solutions so rapidly 
that the excess of KCl had already diffused out of the egg be- 
fore the antagonistic effect of NaCl -1- CaCIj could be established 
It requires some tune untfl enough molecules of NaCl -h CaCli 
combme with the membrane to inhibit the diffusion of KCl 
Until this happens the conditions for the diffusion of KCl out 
of the egg are most favorable so that the eggs recover before the 
antagonistic salt effect can make itself felt We shall see m 
the third part of this paper that if the eggs are first treated for 
24 hours with 2 m NaQ -f CaQs and are then put mto a pure 
m/8 KQ solution, the outer surface of the membrane contams 
enough NaQ and CaCU for the antagonistic salt action and no 
KCl can diffuse mto the egg The fact that the addition of 
sea water makes the recovery of the heart possible is m full har- 
mony with the experiments of the first part, that sea water also 
accelerates the diffusion of low concentrations of KCl mto the egg 

The recovery of the egg from the poisomng m the sea water 
cannot be ascribed to the diffusion of sea water mto the egg (which 
does not occur) smce solutions utterly unable to arouse or mam- 
tam the heart beat or the hfe of the embryo facihtate the recovery 
of the poisoned embryo, e g , ammomum mtrate and many others 

III The Influence of Amone and Catums of Different Salts upon 
the Recovery of Eggs from KCL 

In Table VI we give the percentage of hearts which recovered 
from KCl poisomng m different solutions of electrolytes The 
eggs had previously been 12 hours m a m/2 KCl solution and were 
then put for 24 hours mto the solutions mdicated m Table VI 



358 


Diffusion of Electrolytes II 


the action of a balanced and a non-balanced solution upon the 
recovery of the heart from KCl poisonmg We compare the 
percentage of recovenes m a balanced solution, NaCl + CaClj, 
and a non-balanced solution, NaCl Both experiments were 
made simultaneously The eggs had been kept for 12 hours 
m m/2 KCl, as usual 

TABLE V 


Percentage of eggs recovering from potassium poisoning In NaCl + CaCli 
or HsO 


After 

Naa + CaCli 

HiO 

K/1 

IX/ 2 

H/4 

u/8 

u/ia 

u/32 

ir/M 

ir/128 

u/256 

u/612 

da}ft 









■ 



i 


85 

75 

35 

5 

16 

16 

16 

D 

■1 

20 

1 


95 

100 

90 

65 

65 

26 

26 

m 

s 

20 

2 


mml 

EE3 


80 

76 



10 

'■a 


3 





90 

95 



15 

H 



N»a 


\ 

m 


80 


65 

45 


25 


m 


1 



100 

100 


90 

40 

26 

IS 

10 


2 

■ 

m 




95 

75 

35 

15 

m 


3 

■ 

■ 




95 

m 

60 

15 

10 



In both solutions more than 50 per cent of the eggs recover m 
the concentrations above m/4 m less than 6 hours The pure 
NaCl solution is more efficient than the mixture of NaCl -f CaCli 
In the m/8 and m/16 NaCl solution 60 per cent and 55 per cent 
of the eggs recover m the first 6 hours while in the m/8 and m/16 
solutions of NaCl -f- CaClj onlj 35 per cent and 5 per cent re- 
cover After 2 days 75 per cent of the hearts have recovered 
m the m/64 NaCl and only 40 per cent m the m/64 NaCl + CaCh 
This diS'erence is not accidental but constant The difference 
IS, however, m harmony with our expenence with the antagonism 
between NaCl and CaCli if we assume that the CaClj makes the 
NaCl less effective in its action on the membrane and hence 
less available for the general salt effect, so that a mixture of 
NaCl 4- CaClj acts hke a pure NaCl solution of a lower 
concentration 

We may consider it as proved that aside from this latter con- 
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ditaon balanced Bolutions like sea water are just as fit to render 
the diffusion of KCl out of the e^ possible as non-balanced solu- 
tions, and that it is therefore impossible to ascnbe this result 
to an "mjury” to the membrane 

It was of mterest to find out whether higher concentrations 
of NaCl solution or of NaCl -f CaClj would prevent the diffu- 
sion of KCl out of the egg (antagonistic salt action), but this 
was not the case Eggs that had been poisoned m m/2 KCl 
recovered more promptly when put mto 3 m, 2} m, 2 m, and M 
NaCl -f CaCli than when put mto m/2, m/4, or m/8 solutions 
The probable explanation is that the diffusion of KCl out of the 
egg took place m these highly concentrated solutions so rapidly 
that the excess of KCl had already diffused out of the egg be- 
fore the antagonistic effect of NaCl -f CaCls could be established 
It requires some tune until enough molecules of NaCl -f- CaClj 
combine with the membrane to inhibit the diffusion of KCl 
Until this happens the conditions for the diffusion of KCl out 
of the egg are most favorable so that the eggs recover before the 
antagonistic salt effect can make itself felt We shall see m 
the thud part of this paper that if the eggs are first treated for 
24 hours with 2 m NaCl + CaClj and are then put mto a pure 
m/ 8 KCl solution, the outer surface of the membrane contains 
enough NaCl and CaCls for the antagonistic salt action and no 
KCl can diffuse mto the egg The fact that the addition of 
sea water makes the recovery of the heart possible is m full har- 
mony with the experiments of the first part, that sea water also 
accelerates the diffusion of low concentrations of KCl mto the egg 

The recovery of the egg from the poisomng m the sea water 
cannot be ascnbed to the diffusion of sea water mto the egg (which 
does not occur) since solutions utterly unable to arouse or mam- 
tam the heart beat or the life of the embryo facihtate the recovery 
of the poisoned embryo, e g , ammomum mtrate and'many others 

III The Influence of Anions and Cations of Different Salts upon 
the Recovery of Eggs from KCl 

In Table VI we give the percentage of hearts which recovered 
from KCl poisonmg m different solutions of electrolytes The 
eggs had previously been 12 hours m a m/2 KCl solution and were 
then put for 24 hours mto the solutions mdicated m Table VI 
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TABLE VL 


Percentage of hearta recorenne from potaanam 
poiaonine io 34 hra. 





a 

1 

0 

> 

1 

S 

s 

% 

0 

1 

a 

s 

s 

1 

<2 

n 

Sea water 


ns 

IBS 

1 


i! 

2£ 

15 

45 

15 

m 

25 

35 

6 

NaCl + CaCl, 


95 

100 



55 

2£ 

25 

5 

6 




m 

NaCl 



100 


ffii! 

m 

m 

25 

16 

10 




5 

NaBr 


if!!? 

100 

1 Sk 

9C 

75 

66 


35 

30 




6 

NaNO, 




'SI 

TO 

70 

35 

15 

IQ 

16 

IE 

m 


6 

Naj acetate 



KK) 

R 

M 


85 

35 

16 

0 

6 

6 

K 

5 

NajSO, 


mS 

HS 

' R 

TO 

|TO 

93 

90 

81 

38 

14 

6 



NaHCO, 




' ij 

TO 

rr 


76 

36 

10 

5 




Na,CO, 









36 

30 



6 

6 

NaiHPO, 





96 


m 

65 

1^ 

26 

R 

14 

6 

■a 

Nai citrate 









96 

60 





NH 4 CI 


38 

72 

89 

83 

77 

41 

16 

16 

15 




11 

(NH4),S04 



45 

75 

70 

75 

65 

65 

50 

31 

15 

10 

30 

10 

(NUiIj citrate 









80 

68 

55 

26 

14 


MgCIs 



m 

85 

95 

75 

66 

25 

25 

26 

15 

|I!| 

m 

6 

MgSO, 


H 

95| 

11 

95 

i| 

a 

45 

11 

11 

a 

i 

16 



The order of nfiing efficiency for the anions for producing the 
salt effect is as follows 


Cl, NOj < Br < Acetate < PO4 (?) COj < SO, < Citrate 

In order to ascertain the influence of valency we may select 
as a standard of comparison that concentration which causes 
about 70 per cent of eggs to recover in 24 hours This concentra- 
tion IS, m the case of Na salts for acetate and approximately 
also for Br, m/64, for Cl and NOj between m/32 and m/64 For 
SO4 it is m/266 and for COi between m/128 and m/256 For ci- 
trate it is m/1,024 but for PO 4 it is too small, between m/64 and 
m/128 Omittmg NaiHP 04 from consideration we find the 
ratio of efficiency for monovalent bivalent tnvalent amons as 
1 4 16 which IS the expression of Hardy’s rule for the mflu- 
ence of valency upon coagulation It is worthy of notice that 
the same rule seems to hold for the NH 4 salts If we compare 
again the minimal concentrations which alloiv about 70 per cent 
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of the eggs to recover, we find that the values are m/32 for NH<C1, 
m/128 for (NH 4 ) 5 S 04 and m:/512 for (NH 4 )j citrate which is 
again Cl SO 4 citrate = 1 4 16 The values are practically 
identical with those found for the Na salts, thus showing that 
we are not dealing with an action of the salts upon the heart 
since the NEU salts are unable to maintain or resuscitate the 
heart beat 

Table VII gives the influence of the cations upon the recoverj" 

TABLE VTL 


Perceatace of embrj oa poiaoaed by KCJ nccrered after 21 hn 



5 

£1 

ar 

a 

cc 
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1 
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a 
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*0 

n 

0 

i 

> 

§ 

UCl 


30 

45 



so 


IS 

5 

i 

m 

m 


5 

NaCl 

90 



QjS 


90 


25 

15 

B3 

■ 

H 


0 

RbCl 



m 

M 

5 

5 


1 

0 
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H 


m 



5 

5 

M 

0 

5 

5 

m 

m 

0 

■ 

I 

. 
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85 

95 

75 

55 

25 

25 

25 

15 



6 


■ 




roiii 

75 

45 

20 

Eil 



Hj 




■ 



IQ 

15 

Ei] 

15 

20 

m 

5 

25 



10 


1 


5 

B 

5 

m 

15 

25 

10 


35 

E3 


m 

NH^CI 


38 


89 

S3 

77 

41 

16 

15 

IS 




11 

N(C,H,),C1 



1 


m 

78 

60 

23 

20 

14 

5 

14 

12 

10 


In this case a peculiar influence of the penodic law is noticeable 
la and Na as well as the corresponding members of the next 
group Mg and Ca favor the recovery, Rb and Cs as well as the 
correspondmg members Sr and Ba inhibit it NH4CI and 
N(CiHs) 4 C 1 act like NaCI It is strange that Mg and Ca should 
increase the penneabihty m the recovery experiments and have 
the opposite effect m the case of the diffusion of KCl mto the egg 
The fact that salts which cannot reestablish the heart beat or 
mamtam it hke N(C 2 Hl) 4 C 1 should have almost as powerful an 
action upon the recoverj'^ of the hearts as Na shows that we are 
dealmg with an effect of the salts upon the membrane and not 
upon the protoplasm of the embryo 
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CONCLUSION 

These expemnents confirm the conclusion that for the diffusion 
of the potassium salts through the membrane, aside from the 
osmotic pressure of the solution, a second factor is reqinred, 
the general salt effect upon the membrane While this was 
proved, m the first part of this senes, for the diffusion of potas- 
sium salts into the egg, it is proved m this part for the diffusion 
m the opposite direction It is shown that eggs previously pois- 
oned with KCl cannot recover when put into the solution of 
any non-electrolyte A few eggs may recover in such a solution 
at the begmnmg, due to the fact that at the begmnmg the exter- 
nal surface of the egg may have enough KCl for the salt effect upon 
the membrane As soon as this salt has diffused away from the 
surface, no further recoveiy is possible, since the external surface 
of the membrane when sufficiently freed from salts is as efficient 
a barrier for the diffusion of KQ out of the egg as in the oppo- 
site duection 

The relative efficiency of different salts for the salt effect upon 
the membrane is a function both of anion and cation The effi- 
ciency mcreases with the valency of the anion approximately ac- 
cordmg to Hardy’s rule, Cl SO 4 citrate = 1 4 16, as we had 
stated already m previous notes, but the efficiency also depends 
upon the nature of the amon m the following way 

Cl, NO, < Br < Acetate < PO4, CO, < SO, < Citrate 

In regard to the cation we found that Rb and Cs completely 
mhibit the diffusion of KCl out of the egg m m/2 solution The 
salts of Sr and Ba have a similar effect The salts of Na, Li, 
Mg, Ca, NH,, and NfCsHs), favor the diffusion Smce the salts 
of la, NH«, and N (CjHs), are extremely toxic for the embryo the 
beneficial influence of these salts upon the recovery from potas- 
sium jxnsonmg must be ascribed to an action upon the membrane 
and not to an action upon the heart of the embryo Smce the 
balanced solutions are almost as efficient as non-balanced solu- 
tions, the mfluence cannot consist m a destructive action upon 
the membrane, but must consist m the creation of special condi- 
tions required for the diffusion of electrolytes 
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I 

We shall show m this paper that the ideas concerning the 
rdle of the general salt effect developed in the two previous notes* 
hold also for the diffusion of acids into the egg of Fundidus 
The effect of acids upon the heart of Fundulus is not to the same 
degree reversible as the effect of potassium salts, smce when 
acid diffuses into the egg it first kills and causes coagulation of 
the body of the embryo from the tail upward and only later causes 
the heart to stop beatmg by diffusion through the pencardium 
It would be difficult if not impossible to demonstrate the mflu- 
ence of salts upon the recovery of the heart from acid poisomng 
We must, therefore, make use of the diffusion of amds into the 
egg for the demonstration of the salt effect m the case of acids 
We shall show that eggs washed m H*0 are more resistant to 
acid than eggs contammg some salt For this demonstration 
the eggs were first put for 4 days mto salt solutions of a different 
concentration and then exposed to the acid solution Eggs 
similarly treated were also exposed to m/8 KCl solutions with this 
difference only, that it was found sufficient to expose the eggs 
for 1 day only, previous to their transfer to m/8 KCl Smce the 
^experiments with KCl were more numerous than those with 
acid, we shall describe them first 

' Locb, J , J Biol Chem , 1916, xxvn, 339, 353 

363 



364 


Diffusion of Electrolj^es III 


The method employed m the case of the potassium experiments 
was as follows The eggs were put for 24 hours mto solutions of 
certam substances varymg m concentration A chemical eqmhb- 
num IS estabhshed between the constituents of the solution and 
the external surface or layer of the membrane The mner layer 
of the membrane is not at all or only httle affected These eggs 
are then put mto an m/8 KCl solution The hearts will stop 
beatmg and the rate at which this happens will give us the rate 
at which the KCl diffuses The smaller the percentage of the 
hearts beatmg at a certam time, the greater the rate at which 
the KCl diffuses mto the eggs 

For the understandmg of these results we must remember that 
when the egg is transferred from a salt solution mto a pure m/8 
KCl solution the salts other than KCl will diffuse from the external 
surface or layer of the membrane mto the KCl solution and the 
greater part of this diffusion will take place m the first hours 
We have shown m the first paper of this senes that when two 
lots of eggs are put for 24 hours, one mto sea water and the other 
mto HjO, and then both are transferred to m/8 KCl the mam dif- 
ference m the rate of diffusion of KCl through the membranes 
of the two lots of eggs wiU be found m the first 6 hours, smce 
durmg this penod the eggs from the sea water will still have 
enough salt at the surface of their membranes to supply the salt 
effect required for the diffusion of KCl through the membrane 
Hence more of the eggs taken from sea water will be poisoned 
during the first 6 hours than of the eggs taken from H«0, while 
after the first 6 hours the further rate of poisonmg wiU be more 
nearly the same for the two groups of eggs 

Eggs were put for 24 hours mto various concentrations of sea 
water and then exposed to an m/8 KCl solution Table I gives 
the percentage of embryos whose hearts were beatmg after dif- 
ferent mtervals m the KCl solution 
The result is qmte stnkmg The eggs taken from normal sea 
water had m half of the cases enough salt at the surface of their 
membranes to allow so much KCl to diffuse mto the eggs mside 
of 3 hours that the hearts stopped beatmg Of the eggs taken 
from m/4 sea water only 15 per cent had enough salt at the sur- 
face of their membranes to allow the same result The eggs 
taken from m/8 or still more diluted sea water behaved like the 
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TABLE!. 


Pcrcentacc of embryos with beotins hearts in m/8 KCl taken from 
eea watar or HtO 


After 




Sea water 



H>0 


m/2 

M/l 

m/B 



m/M 

M/m 

m/2M 


3 

65 

85 

100 

100 

100 

100 

100 

100 

n 

6i 

60 

85 

100 

100 

100 

100 

100 

100 

IBI 

8 

45 

85 

100 

100 

100 

100 

100 

100 

Bl 

25 

50 

85 

95 

96 

100 

95 

1 

100 

100 

1 

■■ 


eggs that had been in distilled water, inasmuch as they had not 
enough salt left at their external surface to permit the diffusion 
of enough KCl mto the egg to cause cessation of heart beat m a 
single egg (Table I) 

It seemed advisable to see what would happen if the expen- 
ments were made with eggs kept m balanced solutions of higher 
concentrations than that of sea water (m/2) Eggs were put 
for 2 days mto mixtures of NaCl + CaCI» m the proportion of 
100 molecules of NaCl to 1 75 molecules of CaClj (as in sea water) 
varymg m concentration from 3 M to m/128 From these solu- 
tions the eggs were transferred into an m/8 solution of KCl and 
fbe percentage of eggs with beatmg hearts was ascertamed after 
certam mtervals (Table 11) 

This experiment shows that eggB which had been in m/32 
NaCl 4- CaClj or m lower concentrations contained so httle salt 
at their surface that the KCl could not diffuse any more rapidly 


TABLE n. 


After 


P ftr ce n tflgo with bestixiff hearti Iq u /8 HC2 tAkea from NaC2 4* CaC2i. 



3m 

2iu 


liu 

M/1 

M/1 

M/« 



M/as 1 

m/H j 

u/m 









! 1 






90 

65 


0 

0 

0 

0 

30 

80 

100 

100 

100 


40 

15 


0 

0 

0 I 

0 

25 

76 1 

100 

100 

100 


5 

6 






25 

75 

100 

100 

100 


0 

0 


0 

0 

0 

0 

30 

76 

90 

95 

95 

76 

0 

■ 


0 

0 

0 

0 

15 

65 

85 

80 

95 
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lato the egg than if the eggs bad been kept m HjO The eggs 
taJfen from m/16 NaCl + CaClj had at the beginning enough 
salt at their surface so that 20 per cent of the eggs were poisoned 
m the first 3 hours In the meantime the diffusion of the NaQ + 
CaCIj from the surface of the membranes took place so rapidly 
that afterwards no more eggs were poisoned m the next 25 hours 
and only a few more m the foUowmg 2 days The eggs taken 
from the m/8 solution of NaCl + CaClj had enough salt at their 
surfaces to allow the diffusion of a poisonous dose of KCl into 
70 per cent of the eggs m the first 3 hours, and m the meantime 
so much of the CaCU + NaCl left the surface of the membrane 
that the eggs from then on behaved like washed eggs, so that m 
the next 25 bows the number of eggs poisoned did not mcrease, 
and mcreased only shghtly m the next 2 da}^ AU the eggs 
that had been in the next higher solutions, from m/4 to 2 m, were 
completely poisoned by m/8 KCl in less than 3 hours, which 
means that they had enough salt at the surfaces of their mem- 
branes to allow the diffusion of a poisonous dose of potassium 
through the membrane m less than 3 hours The eggs, however, 
that had been in 2J and 3 m NaCl + CaCl: show another pic- 
ture, they had an excessive amount of salt at the external sur- 
face of their membranes which made them for a number of hours 
immune against the m/8 KCl solution (antagonistic salt action) 
This immumty did not last long, however, smce the Na and Ca dif- 
fused from the surface of the membrane mto the m/8 KCl solution 
and then after about 5 hours a stage was reached when the eggs 
had only that moderate amount of salt at the- external surface of 
them membrane which accelerates the diffusion of a toxic dose of 
KCl mto the egg This happens more quickly m the case of the 
eggs that had been kept for 2 days in a 6/2 m than m a 3 m solu- 
tion The same fact, that a moderate amount of salt at the sur- 
face of the egg IS reqmred to permit the diffusion of KCl mto the 
egg while a higher concentration prevents the diffusion, is shown 
in the following experiment Eggs had been put for 2 days into a 
mixture of NaBr CaCIj (in the same proportion as m sea 
water) and were then transferred mto m/8 KCl Table III gives 
the percentage of eggs whose hearts stopped beating after several 
hours 



Jacques Loeb 


367 


AgEin we see that a previous treatment with a moderate con- 
centration (m/8 to ji) of a balanced solution accelerates the rate 
of diffusion of KCl mto the egg while previous treatment with a 
more concentrated solution retards it But this retardation 
lasts only through the first hours, as long as the NaBr has not 
diffused away from the surface of the membrane It is note- 
worthy that the inhibitmg or antagonistic concentration is Iowct 
for NaBr + CaCh than for NaCl -1- CaClj, suggestmg possibly 
a firmer attachment to the membrane m the case of NaBr than 
in the case of NaCI It is also obvious that the general salt effect 
of sea water is less than that of NaCl -h CaClj or of NaBr -f CaCli 
solutions of equal concentration This difference must be due 
to the presence of some of the other constituents m sea water 
than Naa and Caa* 

TABLE III 


PGrcffnta^ of ecss with bemtiof hearts in u/B KCl after harms 
Dten jkopt for 4S hra. la NaBr -f CaCb or HrO 


After 





NaBr+CeClj 




HiO 


2i< 

Uu 

M/1 

m/2 

m/4 

u/8 

M/J6 

U/S2 

m/M 

M/128 


81 

16 

0 

0 

0 

16 

70 

100 

100 

1 

100 

100 


60 

10 

0 

0 

0 

16 

66 

95 

100 

100 



20 

5 

0 

0 

0 

10 

65 

95 

100 

100 



0 

0 

0 

0 

0 

10 

60 

90 

100 

100 


75 

0 

0 

0 

0 

0 

6 

46 

70 

85 

80 

1 



Considermg the theoretical importance of these experiments, 
one more observation of the same type may be recorded, m which 
the eggs had been put for 17 hours mto vanous concentrations 
of a Einger solution (iMaCl + KCl + CaCl*) and for controls m 
M/2 sea water and H-O They were then transferred mto a 
m/2 KCl solution (instead of m/8, as m the experiments thus far 
mentioned) Table IV gives the results 

As m the precedmg experiments we notice that the previous 
treatment with normal (m/2) sea water accelerates the diffusion 
of KCl more than a previous treatment with a m/2 Rmger solu- 
tion Agam we notice that a moderate concentration of the 
Rmger solution, from m/16 to m/2, accelerates the diffusion more 











368 


Diffusion of Electrolylies III 


than a higher concentration, hke 5 m/2 The difference which is 
very striking during the first hours becomes less m tune for two 
reasons, first, that the salt at the surface of the membrane dif- 
fuses mto the solution, and second, that in as high a concen- 
tration as m/2 the KCl solution itself rapidly supphes the salt 
effect necessary for the diffusion of its own molecules or ions 
through the membrane 

The demonstration of the general salt effect m the case of the 
balanced solutions had the advantage of provmg that this effect 
does not consist m an mjunous action of the salt upon the mem- 
brane Smce m/2 sea water is the ideal balanced solution and 
the natural miheu m which these eggs develop, it cannot be said 
that eggs taken from normal sea water or from m/2 NaCl -b 

TABLE IV 


Percentage of eggs with beating hearts m ¥/2 KCl after bavin* 
been kept for 17 hrs in Ringer eolnUon sea water or HxO 


After 





Xlmger aolutton 





U/3 



Si 

s 

U} 

1 

1 




Ob 

1 

1 

S 

to 

Sen 

water 

H.0 

At* 

2 

90 

80 

90 

06 

20 


66 

85 

100 

95 

86 

6 


4 

60 

30 

30 

26 

15 

15 

65 

Eli 

95 

96 

86 

0 


6 

36 

10 

6 

16 

m 

■Bl 

45 

65 

95 

85 

75 

0 


8 

16 

0 

0 

16 

6 

10 

30 

45 



56 

0 


12 

6 

0 

0 

6 

0 

6 

6 

30 

60 


36 

0 



CaCU succumb more rapidly to KCl because the natural sea 
water hurts the membrane more than dilute sea water or HjO 
As a fact the contrary is more nearly correct 

Eggs were put for 24 hours mto non-balanced solutions of van- 
ous sodium salts of concentrations varymg from m/1 to m/1,024 
or less They were then put mto m/8 solutions of KCl Only 
eggs with beatmg hearts were put mto the KCl solution Table 
V gives the percentage of beatmg hearts after 6 hours m the 
different solutions 

The difference m the efficiency of the amons m the production 
of the general salt effect is qmte obvious When we select for 
comparison the highest concentration of each salt which produced 
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TABLE V 


Percentage of egg* "with beating hearts in m/B KCl after 6 hrt Trhen kept 
pre^oously for 24 hra, in 



M/l 

u/2 

M/1 

M/a 

m/16 

m/32 

u/M 

M/12S 

U/25B 




fm 

NaCl 

0 

0 

0 

16 

Iffil 

IQ 

100 


100 


100 


100 

NaBr 

0 

0 

5 

0 

84, 

1 R 

100 


100 


100 

100 

100 

Na acetate 


0 

0 

30 

80 

1 R 

100 

100 

100 

100 

100 

100 

100 

NaiSO, 


0 

0 

0 

74 

■Ell 

100 

■rn 

100 

100 

100 


100 

Na> citrate 








82 

93 

96 

100 

100 

100 

Na-HP04 








42 

67 

100 

100 


100 


no more salt effect, t e , that concentration vfhich rendered 90 
per cent of all the ^gs immune against the m/8 KCl solution 
in the next 6 hours, we notice the following results 


NaCl 

M/ 16 

NaBr 

M/ 32 

Na acetate 

it/ 32 

NajSO^ 

11/ 64 

Na« citrate 

m/256 

NajHPOi 

m/612 


Above these concentrations these salts produced the salt 
effect The ratio of the hnuting concentration for the salt effect 
of Na salts is therefore Cl SO^ citrate or phosphate approxi- 
mately as 1 4 16, the same as that found m the recovery ex- 
periments (second paper of this senes) 

It nught be argued that the hearts stopped beatmg after the 
treatment with m/2 NaCl or NaBr or m/4 NasS 04 not on account 
of the mjunous effect of the m/8 KCl but on accoimt of the toxic 
effects of the NaCl or Na^SO^ solutions This argument would 
be wrong smce only such eggs were transferred to the m/S KCl 
solution whose hearts were beatmg after havmg been 24 hours 
in m/1, m/2 NaCl, or m/2, m/4, or m/8 NajSOi, or any of the 
other solutions, and, moreover, we had found m the second paper 
that the relative efficiency of these salts to mduce the recovery 
from potassium is exactly the same as that for poisonmg m these 
experiments Moreover we convmced ourselves that eggs which 
had been poisoned m m/8 KCl after a treatment m m/4 NaiSOt 
recoiered when put back mto the latter solution although m/4 
Na^O^ rapidly kdls the embrjo outside the egg 
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The effect of the cation is equally marked m Table VT, show- 
mg the efficiency of different chlorides The eggs were put for 
24 hours mto the solutions of vanous concentrations of these 
salts, the concentrations were below that limit m which they 
kill or mjure the egg in 24 hours After 24 hours the eggs 
were put into an m/8 KCl solution The percentage of eggs with 
heart beats is given m Table VI 

TABUE VI 



This table reveals the unexpected fact that Na has the most 
striking salt effect of all the cations mentioned Smce NaCl 
IS also the least toxic of all the salts and smce it mjures the mem- 
brane less than any of the other salts mentioned m the table, 
it IS obvious that the acceleration of the diffusion of KCl through 
the membrane cannot be ascribed to an mjunous effect of the 
salt on the membrane 

A previous treatment of the eggs with the solutions of non- 
electrolytes does not lead to an acceleration of the diffusion of 
the KCl through the membrane Eggs were put for 24 hours 
mto solutions of vanous non-electrolytes m different concen- 
trations Nothmg comparable to the salt effect was produced, 
the eggs behaved as if they had been washed m HjO 

It IS obvious that the membrane of eggs which had been for 
24 hours m a solution of a non-electrolyte, e g , glucose, cane sugar, 
glycerol, and methyl alcohol had become unpiermeable to m/8 
KCl to the extent that m 6 hours not enough KCl could diffuse 
into the egg to cause cessation of the heart beat m more than 20 
per cent of the eggs The non-electrolytes act, therefore, essen- 
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TABLE Vn. 


Percentace of ecc> with beatms hearts after treatment for S hts in u/8 £CL 
Eess previmialy kept for hrs m 



»«/i 

ii/2 

u/i 

n/s 

M/19 

u/tS 

oi/Oi 

u/m 

ir/256 

M/il2 


ao 

Glucose 


96 

95 

97 

95 


96 

100 


100 


ISI 

Cane sugar 

81 

96 

lo!ii 

■irii 

low 


m 

100 

100 

100 

100 

■3 

Glycerol 

81 

90 

90 

90 

95 

96 

la 

100 

100 

100 


iBi 

Methyl alcohol 

84 






m 



100 

100 

m 


tially like distilled water unless the 5 '^ are applied in excessive 
concentration In that case we may expect an “mjunous” 
action on the membrane, different both from the antagonistic 
action and the general salt effect upon the membrane This 
phenomenon wiU be discussed m the fourth paper of this series 

n 

We shall now try to show that for the diffusion of acids through 
the membrane of the Fundulus egg, beside the osmotic pressure, 
a salt action upon the membrane is also required The differ- 
ence between the two cases is that acids can produce the salt 
effect m a concentration at least several hundred times smaller 
than the concentration required for the same purpose m the 
case of KCl Thus m/ 1,000 acetic acid kills the egg rapidly 
by coagulatmg the embryo In order to demonstrate the salt 
effect it was necessary to show that when the membranes of the 
egg were freed from salt by previous washmg m H-O, it took longer 
to kill the embryos than when eggs taken directly from sea water 
Were exposed to the acid The writer tried m vam last year to 
furnish this proof He found this year the reason for the failure, 
he had washed the eggs for 24 hours m H^O (as m the potassium 
experiments) This washmg probably left a trace of salt on 
the external surface or the external layer of the egg membrane 
which was neghgible for the diffusion of potassium salts but which 
was sufficient to prevent the demonstration of the salt effect 
m the case of acids When eggs were washed for 4 days m H-O 
it was possible to demonstrate the salt effect for acids too The 
method of the experiment was as follows Eggs were put for 4 
days mto HjO and mto different concentrations of NaCl -f- KCl 
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The effect of the cation is equally marked m Table VI, show- 
mg the efficiency of different chlorides The eggs were put for 
24 hours mto the solutions of various concentrations of these 
salts, the concentrations were below that hmit m which they 
kill or mjure the egg m 24 hours After 24 hours the eggs 
were put mto an m/8 KCl solution The percentage of eggs with 
heart beats is given m Table VI 

TABLE VI 



This table reveals the imexpiected fact that Na has the most 
stnkmg salt effect of all the cations mentioned Smce NaCl 
IS also the least toxic of all the salts and smce it mjures the mem- 
brane less than any of the other salts mentioned m the table, 
it IS obvious that the acceleration of the diffusion of KCl through 
the membrane cannot be ascribed to an mjunous effect of the 
salt on the membrane 

A previous treatment of the eggs with the solutions of non- 
electrolytes does not lead to an acceleration of the diffusion of 
the KCl through the membrane Eggs were put for 24 hours 
mto solutions of various non-electrolytes m different concen- 
trations Nothmg comparable to the salt effect was produced, 
the eggs behaved as if they had been washed m HjO 

It is obvious that the membrane of eggs which had been for 
24 hours m a solution of a non-electrol 3 de, e g , glucose, cane sugar, 
glycerol, and methyl alcohol had become impermeable to m/8 
KCl to the extent that m 6 hours not enough KCl could diffuse 
into the egg to cause cessation of the heart beat m more than 20 
per cent of the eggs The non-electrolytes act, therefore, essen- 
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m/2 to m/32 Rujgor or m/2 sea -water died twice as fast as those 
that had been m HjO After 23 hours the effect of the previous 
treatment had disappeared since the salts had diffused from the 
surface of the membrane 

Hence we see that in the case of acids as m the case of KCl, 
a small dose of salt on the external surface of the membrane ac- 
celerates the diffusion, a larger dose retards the diffusion In 
eggs washed m HjO the acid itself supphes the salt effect upon 
the membrane, much less aad than neutral salt bemg required 
for this purpose 

On account of the theoretical importance of the subject, a 
second experiment of the same type may be reported The eggs 
were put agam for 4 days mto the solution before bemg trans- 
ferred to the m/1,000 acetic acid solution Table IX gives the 
result 

TABLE VL 


Percental of ecca with beatfng hearts in u/1 000 acetu add after haTing been 
kept for 4 days in the following aoIntiocA. 


After 





NsCl 4- KCl + OCL 





H>0 



S«/2 

2“ 

3u/2 

u/1 

m/2 

m/4 

m/B 

M/IC li/32 

m/M 

M/m 


M/6U 




■ 

■ 

■ 



■ 

I 

1 


100 

100 

100 

100 





87 

65 

40 

61 

80 

mSi 

86 

85 

90 

88 

94 

55 


93 

94 

bs 

25 

20 

25 


39 

20 

35 

70 

55 

68 

82 

30 


76 

88 

95 

16 

5 

6 

9 

18 

5 

35 

40 

46 

48 

56 

20 


76 

70 

80 

10 

■ 

5 

6 

18, 


25 

30 

40 

30 

24 

10 

11 

48 

Kg 

IKa 

m 


■ 

16 

10 

25 

10 

19 

6 

231 

15 

6 

14 

u 

m 

■■ 


5 


5 

5 

0 

0 


A glance at the table will show that the eggs prenously treated 
with a moderate concentration of salts, m/32 to m/1, or with sea 
water, are kdled by the acid more quickly than the eggs prernously 
treated with distilled water, while those treated with a higher 
concentration of the salt die more slowl}’- (antagonistic salt ac- 
tion) These experiments show mcidentally that the antagonis- 
tic salt action (or the general salt effect) occurs between the 
membrane (modified by the antagonistic salt) and the acid, and 
that it is immaterial whether the antagonistic salt is apphed 
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+ CaClj (m the proportion of 100 molecules NaCl to 2 2 molecules 
KCl to 1 75 molecules of CaClj as m sea water) They were 
then put mto 50 cc of m/1,000 acetic acid In acid solutions 
the embryo is lolled by coagulation and becomes white The 
coagulation shows itself first m the tail of the embryo and then 
creeps upward The heart is the last organ to be affected by 
the acid, probably because it is protected by the pencardium 
Thus the tail of the embryo is already opaque when the heart 
ceases to beat The cessation of heart beat m this case means 
death of the embryo Table VIII gives the percentage of em- 
bryos whose hearts were still beatmg 

TABUE vin 


PerceQtae« of embryo® ffturivini in u/1,000 acetic acid after havinc been 
kept for 4 days in the following Bolutione. 


Alter 




Naa + Ka + CaCU 



mo 

M/J 


Zu/2 

u/l 

m/3 

M/t 

M/S 


u/m 

M/Bi3 

M/1 OM 

M/sm 

water 

kr* 

6 



90 

90 

76 

85 

100 

90 

95 

95 


85 

7 

95 

95 

50 

65 

35 

65 

70 

76 

85 

85 


60 

8 

85 


30 

45 

36 

35 

46 

70 

65 

86 

66 


g 

80 


26 

30 

25 

30 

16 


60 


60 


11 

45 

35 

10 

16 

6 

30 

6 


35 

36 

35 


23 

20 

10 

H 

6 

0 

6 

0 


0 

0 

6 



We must remember that the salt m combination with the sur- 
face from the previous treatment diffused dimng the first hours 
mto the surroundmg acid solution which was free from salts 
We must therefore look for differences m the effects of the pre- 
vious treatment of the eggs durmg the first hours of the expen- 
ment After 5 hours all the embryos which had been m HjO 
and 3 m/2 and m/1 Ringer were still intact in the m/1,000 acetic 
acid solution, while 25 per cent of those that had been m m/8 
Rmger and 15 per cent of those that had been m sea water were 
already dead After 7 hours two-thirds of those that had been 
m m/8 Rmger were already dead and not yet one-third of those 
which hid been m distiUed water had been killed After 8 hours 
the acceleratmg salt effect upon the diffusion of acid through 
the membrane was still more stnkmg, those that had been m 






















Jacques Loeb ' 


373 


m/2 to m/32 KxngCT or m/2 sea water died twice as fast as those 
that had been in HjO After 23 hours the effect of the preAnous 
treatment had disappeared since the salts had diffused from the 
surface of the membrane 

Hence we see that in the case of acids as m the case of KCl, 
a small dose of salt on the external surface of the membrane ac- 
celerates the diffusion, a larger dose retards the diffusion In 
eggs washed m H^O the acid itself supphes the salt effect upon 
the membrane, much less acid than neutral salt bemg required 
for this purpose 

On account of the theoretical importance of the subject, a 
second experiment of the same type may be reported The eggs 
were put agam for 4 days mto the solution before bemg trans- 
ferred to the m/1,000 acetic acid solution Table IX gives the 
result 

TABLE EC 


Percestoce of ects ^tb b«itinc he&rta in u/i 000 acetic aad after having been 
kept for 4 dare ia the foDowinc oolatumi. 


Alter 





L»cn + Ka + CbcHj 





HiO 


Su/2 


3u,3 

K/i 

ii/2 

ii/i 

u/8 

M/IB| h/33 

u/M 

M/118 

M/2M 

m/512 


n 

i 

■ 

i 

1 

i 

i 


n 



100 




■Bill 

IQ 

87 

65 


61 

iBiilBii 

85 

85 


88 

94 



94 

IB!! 

25 

iwa! 

25 


39, 20^ 

35 

Mil 

55 

66 

82 



88 

95 

16 

5 

5 

9 

is' 5 

35 

40 

45 

48 

56 



m 


10 

m 

5 

1 ® 


25 

30 

40 

30 

24 

11 

4S 

48 

33 

0 0 

oj 0 

0 

0 

6^ 0 

15 

10 

25 

10 

19 

231 

Ifi 

6 

14 

0 0 0 0 
1 1 i 1 

6 

0 

5 

5 

0 


s 


3 


10 

6 

0 


A glance at the table will show that the eggs previously treated 
with a moderate concentration of salts, m/32 to m/1, or with sea 
water, axe killed by the acid more qmckij’- than the eggs preinously 
treated with distilled water, while those treated with a higher 
concentration of the salt die more slowlj' (antagonistic salt ac- 
tion) These experiments show mcidentaUj that the antagonis- 
tic salt action (or the general salt effect) occurs between the 
membrane (modified b 3 the antagomstic salt) and the acid, and 
that it 13 immatenal whether the antagonistic salt is apphed 
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simultaneously with the mjunous salt or previously, except that 
the antagomstic salt action cannot last m the latter case on ac- 
count of the diffusion of the salt from the membrane mto the 
solution 

When the eggs were washed for 1 or 2 days only, the antagonis- 
tic salt action due to the previous treatment with the stronger 
solutions was more marked than the accelerating action of the 
more moderate salt concentrations as the followmg example 
shows (Table X) 


TABLE X 


Percental of esga with beatln* hearta !n m/1 000 acetic add after having been kept for 
2 daya In the followinx solutlona 


After 


NaCl + KCl + CaCl. 

HiO 



6u/2 

ED 





BE! 



jm 





■ 

At* 



■ 

■ 

■ 

■ 


■ 

■ 

m 







6 


90 

95 

86 

85 

16 

25 

26 

25 

36 

36 

25 

66 

36 

46 

60 

9 

86 

45 

60 

65 

30 

0 

6 

16 

5 

0 

10 

6 

10 

10 

10 

10 

20 

25 

20 

16 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 


In this experiment the antagonistic effect of the salts (which 
were left on the surface of the membrane) on the diffusion of acid 
18 very striking, especially m the eggs previously washed in 
6 m/2, 2 M, and 3 m/2 NaCl + KCl + CaClj A sbght accelera- 
tmg effect of the salt is only noticeable m the eggs previously 
washed m m/4 NaCl -f KCl -f CaClj The washmg was too 
short to remove enough salt from the surface of the egg m the 
HjO so that the trace of salt left on the surface of the membranes 
of the eggs was stiU sufBcient to supply the general salt effect 
The diffusion of acids requires a much lower concentration of a 
second salt at the external surface of the membrane than the 
diffusion of KCl, possibly because acid forms a much more stable 
salt with certain protems than neutral salts (Hardy) , as a conse- 
quence, a trace of acid can by combmmg with the membrane (or 
its protems) produce the same salt effect as a considerable concen- 
tration of a neutral salt 

We have already mentioned m a previous note® that the an- 
tagonistic action of salts to acid m the case of the Fundulus 

• Loeb, J Biol Chem , 1916 xxiii, 139 
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embrj'-os increases not only with the valency of the anion but with 
that of the cation as well, which is also the case when KCl is 
antagonized by other salts We shall return to this fact in an- 
other connection, though we may add here that this should put 
an end to such generalizations as that the antagonistic salt action 
is due to the oppositely charged ions 

CONCLUSION 

This paper shows that under certain experimental conditions 
the existence of the general salt effect can be demonstrated also 
for the diffusion of acid through the membrane of the egg of 
Fundulus The concentration of neutral salt required for the 
salt effect is considerably smaller m the case of the diffusion of 
acid than in the case of the diffusion of potassium salt Veiy 
weak acid solutions themselves can supply the general salt effect, 
owing probably to the fact that acids form stable salts with cer- 
tam proteins of the membrane (while neutral salts form only 
unstable salts) 

When the concentration of neutral salt added to the acid is 
a httle higher than that required for the salt effect the opposite 
phenomenon is produced , namely, the diffusion of acid is retarded 
or inhibited (antagonistic salt action) 

It is shown that under the conditions of these experiments 
snrular rules hold for the diffusion of potassium salts through the 
membranes of hvmg eggs of Fundtdus 
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simultaneously with the mjurious salt or previously, except that 
the antagonistic salt action cannot last m the latter case on ac- 
count of the diffusion of the salt from the membrane mto the 
solution 

When the eggs were washed for 1 or 2 days only, the antagonis- 
tic salt action due to the previous treatment with the stronger 
solutions was more marked than the acceleratmg action of the 
more moderate salt concentrations as the foUowmg example 
shows (Table X) 

TABLE X 


Peroentaco of eggs with beatmg hearta in u/1 000 aoetio acid after having been kept for 
3 days m the following solutions- 


Alter 


NaCT + KCl + CaCni 

HiO 

1 



EB 

QP 



B 


B 






|u/ 1024 

&rj 




■ 

■ 

B 

■■ 

B 

B 

B 



■H 




5 


linl 

95 

85 

85 

15 

26 

26 

25 

35 

35 

26 

66 

36 

46 

60 

9 

85 

46 

50 

' 66 

! 30 

0 

6 

16 

6 

0 

10 

5 

10 

10 


10 

20 

25 

1 20 

1 

16 

0 

0 

0 

0 

u 

0 

0 

0 

0 

0 

6 


0 


In this experiment the antagonistic effect of the salts (which 
were left on the surface of the membrane) on the diffusion of acid 
IS very striking, especially m the eggs previously washed m 
6 m/2, 2 M, and 3 m/2 NaCl KCl -f CaClj A shght accelera- 
tmg effect of the salt is only noticeable m the eggs previously 
washed m m/4 NaCl -f- KCl CaCli The washmg was too 
short to remove enough salt from the surface of the egg m the 
HjO so that the trace of salt left on the surface of the membranes 
of the eggs was stdl suflScient to supply the general salt effect 
The diffusion of acids requires a much lower concentration of a 
second salt at the external surface of the membrane than the 
diffusion of KCl, possibly because acid forms a much more stable 
salt with certam protems than neutral salts (Hardy) , as a conse- 
quence, a trace of acid can by combmmg with the membrane (or 
its proteins) produce the same salt effect as a considerable concen- 
tration of a neutral salt 

We have already mentioned m a previous note* that the an- 
tagonistic action of salts to acid m the case of the Fundvlus 

> Loeb, J Biol Chtm , 1916, xxiu, 139 






















THE FATE OF ALKALI BLUE IN THE ORGANISM 
By SHIGENOBU KUMYAMA. 

{From the Sheffield Laboratory of Physiologtcal Chemistry, Yale University, 

New Haven ) 

(Received for publication, September 4, 1916 ) 

The excretion of hpoid-msoluble dyes after parenteral admin- 
istration mto frogs has been mvestigated by Hober and Kemp- 
ner They concluded that the more charactensticallj’- coUoidal 
the state of the dye the more difficult is its passage through the 
kidneys Alkah blue (Alkah-blav), which is a highly colloidal 
compound, was not eliminated through the kidneys 
The fate of vanous types of dyes in the organism is of mterest 
in the study of the penneabdity and secretory power of blood 
vessels and glands At the suggestion of Professor Lafayette 
B Mendel, I have mvestigated the behavior of alkah blue m 
the organism All necessar}'- operations on animals were per- 
formed bj' him 

Methods 

Alkah blue — sodium tnphenjlrosanihne monosulfonate — ^is sol- 
uble m cold water, much more so m alcohol and m warm water, 
but msoluble m ether and m oil It is precipitated by calcium 
or lead salts The color is decreased by dilute ammonia, and it 
can be restored with acids The d}^ (Kahlbaum’s) used m the 
foUowmg experiments was dissolved m distilled water m the 
proportion of 1 or 2 5 per cent 

The method for the detection of the dye m tissues and in 
body hqmds was mvestigated m prehmmary axpenments The 
mtensity of blue color decreases when the dye is passed through 
the animal body or kept a httle while with bodj hquids On 
addition of a small amount of acetic acid, the color reappears, 
but not alwaj’B to the ongmal mtensitj’’ Boihng or addition 
of hydrogen peroxide seemed to cause no improvement Though 
the exact nature of the change is 3 mt unknown, a similar altera- 
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the state of the dye the more difficult is its passage through the 
kidneys Alkali blue (Alkah-blau), which is a highly colloidal 
compound, was not eliminated through the kidneys 
The fate of various types of ds'cs m the organism is of mterest 
m the study of the permeabihty and secretoiy power of blood 
vessels and ^nds At the sug^stion of Professor Lafaj'^ette 
B Mendel, I have mvestigated the behavior of alkali blue m 
the organism All necessaiy operations on animals were per- 
formed by him 

Methods 

Alkali blue — sodium tnphenylrosanilme monosulfonate — ^is sol- 
uble m cold water, much more so m alcohol and m warm water, 
but msoluble m ether and m oil It is precipitated by calcium 
or lead salts The color is decreased by dflute ammonia, and it 
can be restored with acids The dye (Kahlbaum’s) used m the 
following experiments was dissolved m distdled water m the 
proportion of 1 or 2 5 per cent 
The method for the detection of the dj'e m tissues and m 
body hqmds was mvestigated m preliminary experiments The 
mtensity of blue color decreases when the dye is passed through 
the animal body or kept a httle while with bodj hqmds On 
addition of a small amount of acetic acid, the color reappears, 
but not alwaje to the ongmal mtensitj' Boilmg or addition 
of hydrogen peroxide seemed to cause no improi ement Though 
the exact nature of the change is yet unknown, a Rimdar altera- 
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PROTOCOLS 

Expenvienls with Dogs 

Experiment I — Dog 1, male, 8 8 kg , was anesthetized with 
ether after injection of 90 mg of morphine and 9 mg of atropme 
A cannula was mtroduced mto the thoracic duct, and 8 cc of 2 5 
per cent solution of alkah blue were mjected mto the femoral vein 


table l 
Lymph 



Xjinpli fioir m 10 mm 

intervals. 

Blue oolor 

AdnximstrattoQ of dye and diuretic 

S&mple No 

i 

Amount, 

Before 

eadifi- 

catjcm 

After acid- 
ification 


Before injection 

ec 

4 2 

■ 

_ 

8 cc. of alkali blue mto fe- 
moral vein 



■ 



1 

4 2 


— 


2 

2 9 


+ 


3 

2 9 


++ 


4-7 

2 8-4 4! 


++ 

8 cc of alkah blue into fe- 
moral vein 


i 




8-10 

3 3-4 6 

— 

++ 


11-12 

4 0-4 6 

+ 

-t-i-+ 

150 ec of 0 9 per cent NaCI 
into femoral vein 

i 





13-20 

9 0-10 4 

+ 

+++ 


21-24 

5 0-74 

-1- 

+-!-+ 


Blood* 


11016 after first dye injection 

Bhzaeolor 

Before addificatton. 

After acidification. 

5 min 

sb 

+++ 

30 “ 

— 

++ 

1 hr 

i 

1 

++ 

1 “ 30 mm *» 

akc I 


3 hrs 

— 

+-i- 

4 “ 


-1- 


* Samples were taken from the femoral artery 
*• 20 muj after the second injection of the dye 
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Alkali Blue m Organism 


tion of color has been noted with many other dyes Underhill 
and Closson demonstrated that methylene blue, administered 
to an ammal, reappears m the urme and feces m four forms — 
methylene blue itself, methylene azure, i e , an oxidation product 
of methylene blue, and leuko compounds correspondmg to methy- 
lene blue and methylene azure As these leuko compounds 
are reduction products of either methylene blue or methylene 
azure, methylene blue must undergo both oxidation and reduc- 
tion m the animal body Indigo carmme, rosamlme, and phenol- 
tetrachlorphthalem, mtroduced mto the organism, reappear 
m both free and leuko states Bulk demonstrated that alkah 
blue becomes colorless by reducmg agents, such as ammomum 
sulfide, the color bemg called forth agam by oxidation 
For the detection of alkah blue m lymph, the material was 
shghtly acidified with acetic acid, whereupon the blue color de- 
veloped or deepened m a few minutes In order to demonstrate 
the presence of the dye m blood, four volumes of 95 per cent al- 
cohol were mixed with one volume of blood sample The mix- 
ture was stuTed vigorously, allowed to stand for 2 hours, and 
filtered The filtrate was made famtly acid with acetic acid, 
whereupon the maximum color developed For the detection 
of alkah blue m organs, tissues, or m dry feces, the material 
was ground m a mortar with 95 per cent alcohol m the propor- 
tion of 5 cc alcohol for each gram thereof The mixture was 
allowed to stand for 2 hours m a stoppered bottle The filtrate 
was then treated as m the case of blood To detect the dye 
m the urme, acetic acid was added without any other mampula- 
tion The presence of the dye m the bde was easily demonstrated 
by acidifymg The result was especially clear when the bile 
was diluted with about 200 volumes of water before acid addition 
In order to make an approximate estimation of the dye in the 
feces, the whole material was diluted to 1 or 2 hters 50 cc of 
it were mixed with neutral lead acetate, the latter bemg added 
until precipitation ceased The sediment contammg the whole 
amount of the dye was placed m a 100 or 250 cc measuring flask, 
mixed with a few cc of acetic acid, and made up to the mark with 
95 per cent alcohol The filtrate was then compared in a Du- 
boscq colonmeter with the standard, prepared from the ongmal 
dye solution by acidifymg and dilutmg with alcohol 
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PHOTOCOLS 

Expenments vnih Dogs 

Experiment I — ^Dog 1, male, 8 8 kg , was anesthetized with 
ether after mjection of 90 mg of morphme and 9 mg of atropme 
A cannula was mtroduced mto the thoracic duct, and 8 cc of 2 5 
per cent solution of alkali blue were mjected mto the femoral vem 

TABLE L 


Ljfmph 


Adnuoistration of dye and djorrtk 

Lymph Soir m 10 mm. mtervals. 

B!ao color 

Sample No 

Amount. 

Before 

aadifi- 

dtjon. 

After ocid- 
x&catioiL. 



cc. 

■ 



Before injection 

4 2 


— 

8 cc, of alkali blue mto fe- 





moral lem 

1 

4 2 

■ 



2 

2 9 

o 

4- 


3 

2 9 

|||l 

++ 


4-7 

2 8-4 4 


++ 

8 cc of alkali blue mto fe- 





moral vem 

8-10 

3 3-4 6 


-t-+ 


11-12 

4 0-4 6 

4* 

-1-++ 

150 cc of 0 9 per cent NaCl 





into femoral vem 

13-20 

9 0-10 4 

+ 

-i"i-+ 


21-24 

5 0-74 

+ 

-i-+-f* 


Blood * 


Time after first dye iniectkm. 

Bhza color 

Before addificatioiL 

After modification. 

5 mm 


+++ 

30 “ 

“ 

++ 

1 hr 

— 

++ 

1 “ 30 mm.** 1 

db 

+++ 

3 hrs 

1 

++ 

4 “ 

■“ ! 

+ 


* Samples were taken from the femoral artery 
•• 20 min after the second injection of the dye 
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Alkali Blue in Organism 


Unne — Samples, taken by aspiration of the bladder 1, 2, 3, 
and 4 hours after the jBrst mjection of the dye, did not contam 
the dye m a free form, but showed a very pale blue color when 
acidified with acetic acid The unne flow was very slow 

Avlopsy — 4 hours after the first injection of the dye, the dog was killed 
by bleeding A strong blue color of the hver was the most noticeable 
feature observed The other organs aird tissues showed no such abnormal 
color The alcohol extract of the liver appeared intensely blue Acid 
addition made its color much brighter The bile in the gall bladder con- 
tained the blue dye The pyloric portion of the stomach mucosa was 
covered with intensely blue mucus, the other parts of the stomach show- 
ing the normal color The blue color extended to the greenish blue mucus 
m the duodenum The blue color of the latter was markedly increased 
by acidifying, but the color of the former showed no such intensification 
The mucus m the upper part of the jejunum was brownish yellow and 
showed a slight blue color by acid addition Further downwards such 
development of blue color by acid addition could not be demonstrated 
Even where the stained mucus was contained the mucous membrane it- 
self showed no abnormal color The kidneys showed no evidence of blue 
color In the alcohol extracts a blue color could not be observed, even 
after acidification 

Experiment II — Dog 2, female, 7 7 kg First a cannula was 
mtroduced in the thoracic duct, and before the conclusion of 
the expenment a bile fistula was established m the common bile 
duct As narcotics urethane (10 gm ) and ether were used 

TABLE n. 

Lymph 


Administration of dyo and diorotia 

Lymph Bow in 10 mfn intervals 

Blue color 

Sample No 

Amount. 

Before 

acidifi- 

cation 

' After acid- 
ification. 


Before injection 

cc 

1 4 



8 oc of alkali blue into fe- 
moral vein 

1 1 

1 4 1 


da 


2 

' 3 1 

4- 1 

++ 


3-5 

2 9-5 4 

-b 

-b-t-t- 

0 15 gm of caffeine citrate 
and 100 cc of 0 9 per cent 
NaCl into femoral vein 

6-11 

2 0-4 8 

+ 

+++ 


12-18 

0 7-1 6 1 

+ 

+++ 
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TABLE IL— Concluded 
Blood,* 


Time after the dye uyectioD, 

Blue color 

1 Before addifioaHom 

After addjficatioiL. 

6 min 

60 “ 


+++ 

++ 

1 hr 50 min 


++ 

3 hrs 

A 

+ 


* Samples were taken from the femoral artery 


Vnne — 5, 85, and 180 minutes, respectively, after the dje 
injection, unne samples were obtamed by catheterization In 
none of them was the dye found Though caffeme and sahne 
solution were given, the unne secretion was very slow 

Bile — ^3} hours after the dye mjection, a cannula was inserted 
mto the common bile duct The bile flow m successive 10 mm- 
ute penods was 0 9, 1 1, and 0 5 cc The color of these samples 
was always dark blue When kept a few hours, their color be- 
came yellowish green, but an addition of one drop of acetic acid 
called forth agam the dark blue color 

Autopsy — i hours after the dye injection, the dog was kiUed by bleedmg 
The observations were essentially similar to those descnbed for Dog 1, 
the exceptions bemg that the dye was not found in the stomach and duo- 
denum, but it was abundant in the greater part of the jejunum and ileum 

Experiment III — ^Dog 3, female, 9 5 kg Cannulas were mtro- 
duced mto both the thoracic duct and the common bfle duct, 
as m Dog 2 To mduce a marked unne flow, a large amount of 
the sahne solution was injected 

Unne — Of the samples taken from time to time bj’^ cathetenza- 
tion, only one, removed li hours after the dye rejection, contained 
a trace of the dye, the others always yielding negative results 
Though a large amount of the sahne solution was rejected, the 
urme flow was not augmented Protem and casts were found 
m some samples 

Bile — 2 hours after the dye injection, a fistula was established 
re the common bile duct The bile samples, collected during 
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TABLE ra 
Lipnph 


AdmintBtratioD of dye and diuretic 

1 

Lymph flow in 10 min. Intervals 

Blue color 

Sample No 

Amount 

Before 

acidifi 

cation. 

After add 
Ifi cation. 







i 

Vgans 

7 

, L 

cc. 



1 

injection 

4 8 

— 

— 

8 cc of alkali blue mto fe- 






moral vein 








f Part 1 


— 

- 



1 “ 2 

12 

— 

th 



" 3 


— 

+ 



t “ 4 



++ 



2- 3 



++ 

400 cc of 0 9 per cent NaCl 





1 

into femoral vein 








4- 5 

3 3-55 


+++ 



6-12 

8 5-13 0 

"b 

+++ 



13-18 


4* 

+++ 


Blood •* 


Time after the dye injection 

Blue color 

Before addiflcation 

After amdificatiozL 

50 min 


++ 

1 hr 30 min 



+ 

2 hrs 

! 

+ 

2 “ 30 min 



+ 

3 “ 

- 

ft 


* Subdivisions were collected during each 2i imn 
** Samples were taken from the femoral artery 


successive 10 minute penods, measured 12, 13, 16, 10, 0 7, 
and 0 8 cc , respectively The color was greenish blue and be^ 
haved as descnbed for Dog 2 

Aviopsy — 3 hours after the dye injection, the animal was killed by bleed* 
mg The observations were essentially similar to those descnbed for Tog 
1 In the alimentary tract the dye was found in the pylono portion of 
the stomach, the duodenum, and the jejunum 

l^xvenment IV —Doe; 4, male, 11 2 kg , was used to see whether 
V th otherwise than through the hver 
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lymphatics As a narcotic ether was used A cannula was placed 
m a cervical lymph duct The lymph flow, facilitated by gen- 
tle massage, was very slow 8 cc of 2 5 per cent solution of 
alkah blue were injected mto the femoral vem The cervical 
lymph, taken withm 10 mmutes after the dj’e mjection, showed 
no blue color, even by acid additiO^mfe samples, taken later, 
changed to blue after acidific,^ ^^^Khout this mampulation 
the color was pale yellow after the dye mjection 

a lymph sample was taken from the thoracic duct It had a 
pale green color, and after acid addition it developed an mtense 
blue color, which was much deeper than that developed by acidi- 
fymg the cervical lymph sample taken at the same tune This 
shows that the thoracic duct lymph, denved largely from the 
hver lymphatics, contamed the dye m more concentrated form 
than the cervical lymph 45 mmutes after the dye mjection 
the dog died suddenly The bde, taken from the gaU bladder, 
was yellow-brown and did not show any change of color by acid 
addition Though the color change of the hver was not mtense, 
an alcohol extract contamed the dye m free form The blood 
contamed the dye only m the leuko state The protem-free 
unne contamed no dye 

Expenmeni V — ^Dog 5, male, 9 6 kg , was used for compan- 
son, phenoltetrachlorphthalem and mdigo carmme bemg the 
dyes injected After a dose of morphme (95 mg ) and atropme 
(9 6 mg ), the dog was anesthetized with ether 

Unne — ^The sample, taken IJ hours after the phenoltetra- 
chlorphthalem mjection, became famtly red by NaOH addi- 
tion The samples, taken 30 and 70 mmutes after the mdigo 
carmme mjection, were so dark blue with the dye that they could 
not be tested for the red dye 

A^Uopty — ^The mucoua membrane of the mouth was markedly blue 
All viscera were stamed a blue color The hver was also blue, but not so 
intense as seen m the experiments with alkali blue The bile in the gall 
bladder was markedly blue The stomach mucosa showed nothmg ab- 
normal The duodenum contained blue mucus Its color became a 
little stronger by acid addition Moreover, with NaOH addition a strong 
red color appeared The first part of the jejunum contamed brownish 
jellow mucus No color change was seen bj acidification, but a sbght red 
color develojied after alkali addition Further down no color change 
was produced either bj acid or alkali addition. 
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TABLE in. 
Ljpnph 



Lymph Botr in 10 min. Interrala. 

Bloe color 

Admjolstmtioi] of dye and diuretio 





After add 
ifeatiom 


3ainpk No 

Amount 

fioidi6 

cation 









^^ans r 




j 

a injection 

4 8 

— 

— 

8 cc of alkali blue into fe- 






moral vein 


Part 1 


_ 

- 


1*^ 

« 2 

12 




" 3 



+ 



" 4 



++ 



2- 3 

4 0-2 6 


++ 

400 cc of 0 9 per cent NaCl 






into femoral vein 


4- 6 

3 3-65 

+ 

++-h 



6-12 



-|-++ 



13-18 

4 4r- 8 0 

+ 

+++ 


Blood** 


Tune after tho dye mfortkin 

Blue color 

Before addificatbn 

After acidification. 

1 

50 min 



++ 

1 hr 30 min 

— 

+ 

2 hrs 

— 

1 + 

2 “ 30 min 

— 

+ 

3 “ 

— 

A 


* Subdivisiona were collected during each nun 
•* Samples were taken from the femoral artery 


successive 10 minute penods, measured 12, 13, 15, 10, 0 7, 
and 0 8 cc , respectively The color was greenish blue and be=- 
haved as described for Dog 2 

AxUopsy — 3 hours after the dye mjeotion, the animal was Jailed by bleed- 
ing liie observations were essentially similar to those descnbed for Dog 
1 In the alimentary tract the djm was found in the pylono portion of 
the stomach, the duodenum, and the jejunum 

Experiment IV — Dog 4, male, 112 kg, was used to see whether 
alkab blue can enter the lymph otherwise than through the hver 
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The day before the operation no food was given As narcotics 
urethane (3 8 gm ) and ether were used A temporary bile 
fistula was made m the common bile duct The bile flow was 
very slow, only 0 1 cc bemg collected m 30 mmutes 5 cc of 
2 5 per cent solution of alkah blue were rejected into the femoral 
vem Bile samples were coUetdcl^bT^L^ccessive 30 nunute 
penods No dye was found rei? subsequent samples 

were all intensely blue The coltB^HjjKreatly increased by acid 
addition The properties of the bde were the same as those 
described for Dog 2 The bde flow became rapid at first and 
then agam slow, as shown by the volumes of the successive 
bde samples measuring 0 1, 0 2, 0 2, 0 7, 1 9, 0 8, 0 2, 0^, 0 2,0 2, 
and 0 2 cc , respectively 

Autopsy — 6 hours after the dye injection the animal was killed by bleed- 
mg The contents and the mucous membrane of the alimentary tract 
showed no blue color, even after acid addition The submucous tissue 
of the alimentary tract, especially of the stomach, had a pale blue color, 
though its alcohol extract did not show any blue tone Alcohol extracts 
of various organs and tissues, such as kidneys, spleen, mucous membrane 
of the alimentary tract, blood, and mediastinal and mesenteric lymph 
glands, failed to show blue color Only the liver and the bde in the gall 
bladder contained the dye m a large amount No dye was found m the 
unne, but protein and casts were present 

Expenment VII — To reduce marked flow of urme, Dog 7, 
female, 14 kg , was made diabetic by phlorhizm 8 cc of 2 5 
per cent solution of alkah blue were then rejected mto the jugu- 
lar vem The amount of the urme re 24 hours after the dye 
rejection was 1 6 hters In spite cf this diuresis, no dye was 
elimmated through the kidneys, but an alcohol extract of the 
feces showed the presence of the dye 

Expenment VIII — Dog 8, male, 8 2 kg , was used to see to 
what extent alkah blue, rejected mtravenously, will be recovered 
m the feces 8 cc of 2 5 per cent alkah blue solution were re- 
jected into the jugular vem In order to cause discharge of 
feces, magnesium sulfate was administered by a stomach sound 
3 and 20 hours respectively after the dye rejection The feces 
m 24 hours after the injection contamed about 8 per cent of the 
dye, during the next 24 hours, about 5 per cent On the 3rd 
day only a trace of the dye was found re the feces 
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TABLE rv 
Lymph 



Time after phthalem fnjeotlon 

Red color 

Blue color 

Before 

ditkim 

After alkali 
addition 

Before 
aad oddi 
tion. 

After acid 
addition 

10 mm 



H — h 



SO “ 

— 

+ 



2 hrs 10 mm 

— 

db 



2 « 40 “ *• 

— 


— 


3 “ 

— 

— 

— 



* The first appearance of the dye in a free state was 6 min after the 


dye injection 

t Samples were taken from the femoral artcrv 
** 20 mm after indigo carmine injection 

Experiment VI — ^Dog 6, male, 5 0 kg , was used to see whether 
alkah blue is ehimnated mto the alimentary tract otherwise 
than through the bile duct 
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The day before the operation no food was given As narcotics 
urethane (3 8 gm ) and ether were used A temporaiy bile 
fistula was made m the common bile duct The bile flow was 
very slow, only 0 1 cc bemg collected m 30 minutes 5 cc of 
2 5 per cent solution of alkah blt^ were mjected mto the femoral 
vem Bile samples were coUen^^^fcuy^^uccessive 30 mmute 
penods No dye was found in subsequent samples 

were aU mtensely blue The coIcj^S^Breatly mcreased by acid 
addition The properties of the bile were the same as those 
described for Dog 2 The bile flow became rapid at first and 
then agam slow, as shown by the volumes of the successive 
bile samples measurmg 0 1 , 0 2 , 0 2, 0 7, 1 9, 0 8, 0 2, 0 2, 0 2, 0 2, 
and 0 2 cc , respectively 


Autopsy — 6 hours after the dye injection the animal was killed by blccd- 
mg The contents and the mucous membrane of the alimentary tract 
showed no blue color, even after acid addition The submucous tissue 
of the alimentary tract, especially of the stomach, bad a pale blue color, 
though its alcohol extract did not show any blue tone Alcohol extracts 
of various organa and tissues, such as kidneys, spleen, mucous membrane 
of the alimentary tract, blood, and mediastinal and mesenteno lymph 
glands, faded to show blue color Only the liver and the bile m the gall 
bladder contained the dye in a largo amount No dye was found in the 
unne, but protein and casts were present 


Experiment VII — To mduce marked flow of unne, Dog 7, 
female, 14 kg , was made diabetic by phlorhinn 8 cc of 2 6 
per cent solution of alkah blue were then mjected mto the jugu- 
lar vem The amount of the unne in 24 hours after the dyo 
mjection was 1 6 hters In spite of this diuresis, no dye was 
ebmmated through the kidneys, but an alcohol extract of the 
feces showed the presence of the dye 
Experiment VIII —Dog 8, male, 8 2 kg , was used to sec to 
what extent alkah blue, mjected mtravenously, will be recovered 
in the feces 8 cc of 2 5 per cent alkah blue solution were in- 
jected mto the jugular vem In order to cause dmoharge of 
feces, magnesium sulfate was administered by a stomach sound 
3 and 20 hours respectively after the dye injection Tho fccos 
m 24 hours after the injection contamed about 8 per cent of tho 
dye, during the next 24 hours, about 5 per cent On the 3rd 
day only a trace of the dye was found in tho feces 
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ETpenment IX — Dog 9, female, 9 5 kg , was used to see to 
what extent alkali blue, administered by mouth, will be recovered 
m the feces 8 cc of 2 5 per cent alkah blue solution were given 
by a stomach sound To mduce purgation, magnesium sulfate 
(25 and 10 gm ) was administered mto the stomach, immediately 
and agam 20 hours 
24 hours after the tr 


ijr- 

the dye, given by mouli 


\ administration The feces m 
X ‘jon contamed 58 per cent of 


Experiments with White Rats 

The body weight of the rats vaned from 170 to 310 gm In 
Rats 1 and 2, 1 cc of 1 per cent alkah blue solution, m Eats 
3 and 4, 1 5 cc of 2 5 per cent alkah blue solution were mjected 
intrapentoneaUy No change of the urme flow and no ehmina- 
tion of the dye were observed The dye was alwa 3 S present m 
the feces 30 hours after the dye mjection, the animals were 
killed The pentoneum, especially the omentum, and pleurae 
were intensely blue in color, but no dye was found m solution 
m the cavities The hver appeared greenish blue Mesentenc 
and mediastinal lymph glands were also stamed with the dye 
In the blood and the remammg viscera the dye could not be 
demonstrated The test for it was positive m the mtestinal 
contents In Rat 5, for contrast, 1 cc of 1 per cent mdigo car- 
mme solution was mjected mtraperitoneally The dye was ehmi- 
nated veiy rapidly through the kidneys and no trace of it was 
found m the feces 48 hours after the dye mjection the animal 
was kiUed The dye could nowhere be demonstrated In Rats 
6 and 7, phlorhizm (0 05 and 0 1 gm ) was mjected subcutane- 
ously, to induce marked flow of urme 1 cc of 25 per cent alkah 
blue solution was mjected mtrapentoneally Though the urme 
flow was greater than with the control animal, the dye was not 
ehmmated through the kidneys, but was present m the feces 
In Rats 8 and 9, 1 cc of 2 5 per cent alkah blue solution was 
mjected subcutaneously The dye test was negative m the 
urme, but positive m the feces The blue color at the mjection 
area was very strong even after 1 month In Rats 10, 11, and 
12, powdered alkah blue was administered by mouth three times 
a day — about 0 05 gm at a tune The feces were blue, but 
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the Tirme contained no dye After 2 or 3 days the animals were 
killed The dye was found in the alimentarj>^ tract only, the 
alcohol extracts of the liver, kidne3's, spleen, and blood always 
yieldmg negative results 


Experiments 


Experiment I — ^Rabbit 1, 1 'Jx 
blue solution were injected mto an 



2 5 per cent alkali 


vem 


TABLE v 
Blood • 


T5ffle the dya iojectfon. 

j Blue color 

Before aadjfica bon. 

After flcidjBeabon 

ir» 



1 

— 

++ 

2 

— 

+ 

3 


+ 

4 

1 



* Samples were taken from an ear vem of the other side 


The urine contained neither dye nor protem The dye test 
was positive in the feces (Diarrhea was induced by a purgative ) 
Experiment II — Rabbit 2, 1 6 kg 1 5 cc of 2 5 per cent 
alkah blue solution were injected into the jugular vem under 
cocame local anesthesia The result was the same as m Rabbit 
1, except that the dye could not be demonstrated m the blood 
3 hours after injection 

DISCUSSION 

Passage of Alkali Blue from Blood into Lymph — ^Alkah blue, 
mjected mtravenously, appears vei^’- rapidly m the lymph of 
the thoracic duct — m a leuko form withm 10 mmutes, m a 
free form a few mmutes later (Dogs 2 and 3) The delayed 
appearance of the dj^e m Dog 1 may have been due to the use 
of morphme and atropme which affect the permeabihty of the 
cellular membranes Although the dje appeared also in the 
cer\ncal Ijmiph, its concentration was much less than m the 
thoracic hmiph (Dog 4) Phenoltetrachlorphthalem and mdigo 
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carmine, injected intravenously, appeared m the thoracic lymph 
withm 10 minutes The passage of the latter dye seemed to 
be much easier than that of the former (Dog 5) 

Disappearance from the — In the dog experiments, 

blood samples taken ligte, ^ mtravenous mjection 
of alkali blue (21 *^o)> contained the dye (Dogs 

1, 2, and 3), but a ter 6 hours showed a negative 

result (Dog 6) In thC',j^Siiy^ueriments the dye disappeared 
from the circulation in 4 hours after its mjection Phenol- 
tetrachlorphthalem, on the other hand, could not be demon- 
strated 3 hours after its injection Indigo carmme was not de- 
tected m the circulation 70 mmutes after its mjection (Dog 6) 
This difference m the rapidity of passage of the three unlike dyes 
from thfe circulation is characteristic Keith and his collabora- 
tors showed that vital red remams in the circulation for a long 
time The t me needed for ehmmation from the blood vessels 
thus vaned markedly, accordmg to the properties of the dves 
Effect upon the Lymph Flow — ^The rate of lymph flow was not 
markedly changed after the alkah blue or phenoltetrachlorphtha- 
lem administration (Dogs 1, 2, 3, and 5) On the contraiy, 
mdigo camnne or physiological saline solution caused a rapid 
lymph flow (Dogs 1, 3, and 5) 

Elimination in the Bile — Evidence was obtamed that the hver 
IB the chief if not the only organ for the elunination of alkah blue 
Alkali blue, mjected parenterally (mtravenously, mtrapentone- 
ally, or subcutaneouslv), was always found abundantly m the 
hver and m the bde About 30 mmutes after mtravenous in- 
jection of alkah blue, the dye began to appear m the bile (Dog 6) 
Effect upon the Bile Flow — ^As seen m Dog 6, the bile flow 
mcreased markedly after the alkah blue injection, the maximum 
bemg 2i hours after the dye mjection Though the effect of 
the narcotics or other factors may be of sigmficance here, it is 
not improbable that the dye, which is chiefly eliminated mto the 
bile, may of itself mfluence the rate of bihary flow Abel and 
Rowntree, who mvestigated the effect of phenoltetrachlorphtha- 
lem upon the bile flow m an anesthetized dog, noticed no marked 
mfluence, the vanations m rate bemg inconstant 
Elimination of Dye in the Urine — In none of the experiments 
were more than traces of alkah blue ehmmated m the urme In 
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some experiments witli dogs a decrease of the urme flow was no- 
ticed Protem and casts were also foimd Ordmary diuretics 
were not effective In addition to a possible toxicity the colloidal 
condition of the dye may have ha d °om e relation to the decrease 
of the unne flow, as Spiro and 
arable Even m the phlorhis 
6 and 7), which showed a pi 
also absent from the urme 
was always found m the urme 
5 and Hat 6) As alkah blue 
nophenol test was performed 
always negative Rosanihne 
been used as a functional test of kidneys by L6pme, Dre 3 'fus, 
and others It is very easily elmunated through the kidneys 
The difference m behavior between rosanihne and alkah blue is 
somewhat similar to the difference between phenolsulfonephtha- 
lem and phenoltetrachlorphthalem 

Absorption and Ehminaiion from the Alimentary Tract — ^Expen- 
ments with Rats 10, 11, and 12 showed that alkah blue is not 
absorbed from the alimentary tract Abel and Rowntree showed 
that phenoltetrachlorphthalem and phenolsulfonephthalem, ehm- 
mated m the bile, could be reabsorbed from the ahmentary tract, 
the former from the large mtestme, the latter from the whole 
mtestme No evidence similar to this was gamed with the 
colloidal alkah blue When alkah blue was administered by 
mouth and a purgative was given afterwards, 58 per cent of the 
dye was detected m the feces (Dog 9) But, when the dye was 
mjected mtravenously, its recovery m the feces was not so suc- 
cessful as has been reported for phenoltetrachlorphthalem 
(Rowntree’s test for liver function) Part of the alkali blue 
seems to be changed mto some undetected forms m the tassues and 
m the ahmentary tract This was also demonstrated in vitro 
A mixture of the dye and feces emulsion loses its dye content 
gradually Alkah blue was not elmunated from the mucous 
membrane of the ahmentaiy tract, as shown m Dog 6, in which 
the bile was prevented from pouring into the mtestme 
Absorption from the Subcutaneous Tissues — ^Part of the alkah 
blue mjected subcutaneously remamed for a long time under 
the skin In Rats 8 and 9 the area of the mjection was mtensel^ 


Bu^Bmported for gelatm or gum 
7, and Rats 
jne, the dye was 
pn the other hand, 
jcentration (Dog 
(le the p-aim- 
p' ji^sults were 
(rosamune tnsulfatcrv/i soda) has 
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blue even after a month In this respect, alkah blue is much 
different from phenoltetrachlorphthalem, which Abel and Rown- 
tree could not find at the site of injection 16 to 24 hours after 

a subcutaneous administration 

ifiu 

, cusly, rapidly appears m the 

In In the cervical lymph 

.tion in 3 


‘'3' cusly, 

^^^ilates 
4 . 


Alkah blue 
lymph in both 

it is less co!|^^^°^ ^ in >the thoracic duct lymph The 

lymph flov amin, ejection Alkah 

blue, mjei^^^^^^Yifvenously in doses of 21 to 26 mg per kilo, 
remams m the circulation for a few hours only 
When adimnistered parenterally, alkah blue is chiefly ehmmated 
in the bile The dye seems to act somewhat as a cholagogue 
It IS not ehmmated by the kidneys except in traces No evidence 
of its ehimnation or reabsorption through the alimentary tract 
was gamed When adimnistered by mouth, the dye is not ab- 
sorbed and more than a half of the given amount may be re- 
covfered in the feces with methods at present available After 
intravenous mjection the recovery of the dye m the feces is not 
so successful as has been reported for the somewhat comparably 
functiomng phenoltetrachlorphthalem The elimination of alkali 
blue through the liver seems to be rather slow and part of the 
dye IS changed mto some as yet undetected form m the alimen- 
tary tract Absorption of the dye from connective tissue spaces 
IS very tardy These facts correspond with what might now be 
expected with a dye of the colloidal propierties noted 


I desire to express my thanks to Professor Lafayette B Men- 
del for his suggestions and criticism, also to Professor Frank 
P Underhill for his help 
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blue even after a month In this respect, aUcah blue is much 
different from phenoltetrachlorphthalem, which Abel and Rown- 
tree could not find at the site of mjection 16 to 24 hours after 

a subcutaneous administration 

rino 

Alkah blue, i ^ /' ‘^^sly, rapidly appears m the 

lymph m bothj^ Jiates In the cervical lymph 

it IS less coi ^ m the thoracic duct lymph The 

lymph flow ^ °° ^^T^rkedly by the dye injection Alkah 

blue, mjecS°^^^Ki^nou.sly in doses of 21 to 26 mg per kilo, 
remams m the circulation for a few hours only 
When admmistered parenterally, alkah blue is chiefly elunmated 
m the bile The dye seems to act somewhat as a cholagogue 
It IS not ehmmated by the kidneys except m traces No evidence 
of its ehmmation or reabsorption through the alimentary tract 
was gained When administered by mouth, the dye is not ab- 
sorbed and more than a half of the given amount may be re- 
covbred m the feces with methods at present available After 
intravenous mjection the recovery of the dye m the feces is not 
so successful as has been reported for the somewhat comparably 
fimctiomng phenoltetrachlorphthalem The elimination of alkali 
blue through the liver seems to be rather slow and part of the 
dye IS changed mto some as yet undetected form m the alimen- 
tary tract Absorption of the dye from connective tissue spaces 
IS very tardy These facts correspond with what nught now be 
expected with a dye of the colloidal properties noted 

I desire to express my thanks to Professor Lafayette B Men- 
del for his suggestions and criticism, also to Professor Frank 
P Underhill for his help 
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The experiments which are about to be descnbed were ongi- 
nally undertaken with a view to determining the effect upon 
growth of a diet, otherwise as normal as possible, nhich is practi- 
cally cholesterol-free Such a diet, however, if composed of 
natural foodstuffs, was found to be necessarily almost hpoid- 
free, so that the effects observed maj’- be, and m view of the fail- 
ure of addition of cholesterol to neutralise these effects, probably 
are, attributable to the absence of other hpoids, or substances 
commonly associated with hpoids The experiment therefore 
failed to accomplish its immediate purpose and the results ob- 
tamed, as will be seen, merely afford a confirmation of the results 
previously reported by a number of mvestigators ^ Smce this 
confirmation was reached from a widely divergent angle, however, 
it appears to be worth reporting as affordmg a wider foundation 
for the view of the necessity of hpoids m the diet which has 
found general acceptance m consequence of the observations 
cited above 


‘ Stepp, W , Biochem Z , 1909, xxu, 452, Z Biol , 1912, Ivii, 135, 1913, 
Un, 405 Mendel, L B., and Osborne, T B , / Biol Chem , 1912, xu, 
81, 1912-1913, xui, 233, 1913-1914, xvi, 423 McCollum, E V, Halpm, 
S G , and Drescher, A H , ibid , 1912-13, xui, 219 McCollum, E V , 
and Dans, ^L, ibid , 1913, rv, 187 Funk, C , J Physiol , 1911-12, 
■dm, 395 1912, xbv, 50 Cooper, B A-, Bioehem J , 1914, nii, 250 Hop- 
kins, F G , J Physiol , 1912, div, 425 MacArthur, C G , and Luckett, 
CL,/ Biol Chem , 1916, xx, 161 
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The expenments which are about to be described were origi- 
nally undertaken with a view to determining the effect upon 
growth of a diet, otherwise as normal as possible, which is practi- 
cally cholesterol-free Such a diet, however, if composed of 
natural foodstuffs, was found to be necessarily almost hpoid- 
free, so that the effects observed maj' be, and m new of the faQ- 
ure of addition of cholesterol to neutralise these effects, probably 
are, attributable to the absence of other hpoids, or substances 
commonly associated with hpoids The eiqienment therefore 
failed to accomplish its immediate purpose and the results ob- 
tained, as wiU be seen, merely afford a confirmation of the results 
previously reported by a number of mvestigators ' Smce this 
confirmation was reached from a widely divergent angle, however, 
it appears to be worth reporting as affordmg a wider foundation 
for the view of the necessity of hpoids m the diet which has 
found general acceptance m consequence of the observations 
cited above 


* Stepp, W , Biochem Z , 1909, -oni, 452, Z Biol , 1912, Ivu, 135, 1913, 
boi, 405 Mendel, L B,, and Osborne, T B , J Biol Chem , 1912, xu, 
81, 1912-1913, xin, 233, 1913-1914, ivi, 423 McCollum, E V, HAlpm, 
J G , and Drescher A H , ibid , 1912-13, xui, 219 MoCollinn, E V , 
and Davis, M , ibid , 1913, xv, 167 Funk, C , J Physiol , 1911-12, 
xlui, 395, 1912, xhv, SO Cooper, E A , Biochem J , 1914, viu, 250 Hop- 
kins, F G , / Physiol , 1912, xliv, 425 MacArthur, C G , and Luckett, 
CL,/ Biol Chem , 1915, xx, 161 
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The diet administered consisted of boiled, peeled, and mashed 
potato, mixed for roughage with a small proportion of bran 
which had been defatted by extraction for 24 hours with hot 
alcohol followed by for 24 hours with ether This 

item of the diet ‘ “libitum, water was also supphed 
ad libitum, and^-r items every group of six mice 

received daily cc of white of egg to which 
were added water-soluble chlorophyll 

contaming londe, eqmvalent to about 0 1 

mg of fAj»;<toalem, on j 

In the cay^ *fl!ib^co'receivmg cholesterol, 0 5 gm of Merck’s 
crystaJhne ch^esterol was rubbed up with the 10 cc of white 
of egg supphed to each six mice 

The diet of the animals which did not receive the added cho- 
lesterol was cholesterol-free, smce Tnibs and Gardner have found 
that neither potato nor white of egg contam any trace of cho- 
lesterol ’ On the other hand, however, the diet was also very 
nearly fat-free, smce white of egg contams only traces of fats, 
soaps, or phosphohpms* and potatoes boiled m then skms con- 
tam only 0 03 per cent of fat ‘ 

In other respects the treatment and mampulation of the mice 
were identical with the procedure previously reported ® Twenty- 
four mice of each sex and about 4 or 5 weeks of age were taken 
at random’’ and fed thereafter with the hpm-deficient diet A 
similar number of males were similarly selected and fed there- 
after with the hpm-poor diet plus cholesterol The results are 
summarized m Tables I, II, and III and depicted graphically 
m Figs 1, 2, and 3 In computmg the average weights and 

• A small number of the mice did not receive the chlorophyll and iron 
for several weeks No difference due to this omission was observed in the 
symptoms displayed 

• EUis, G W , and Gardner, J A , Proc Boy Soc , Senes B, 1913, Ixxxvi, 

14 

< Hammarsten, O , Text-book of Physiological Chemistry, 6th edition, 
New York, 1911, 601 

‘ Wilhams, K J , / Chem Soc , 1892, Ixi, 239 

• Robertson, T B , and Ray, h A , J Biol Chem , 1916, ixiv, 347 

’ In replacing animals which died within 1 or 2 weeks of initiating the 
diet large animals were purposely selected Hence the imtial average 
weight of the survivors vas, in each experimental group, supernormal 
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variabilities the weights for 5 weeks preceding the death of any 
individual were rejected excepting after the 28th week 


TABLE L 


Mcie Mice Fed on FcU-Deficienl Diet 

Vanability of Duralto^ 


■niton nf^fe S7S ITeefe* 


Act 


via 

4 

6 

6 

7 

8 
9 

10 

11 

12 

XZ 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Wti5l( 


NonnaL 


cm 

12 38 
12 45 
15 58 
18 08 

19 36 

20 63 

21 19 
21 81 

22 65 

23 31 

23 96 

24 28 

24 75 

25 21 
25 61 

25 81 

26 10 
26 28 
26 06 

26 34 
26 82 

27 05 
26 94 

26 55 

27 19 
27 08 
27 23 



14 

14 

15 
15 

15 

16 
16 
16 

17 

18 
18 

19 

20 
21 
21 
21 
21 
22 
21 
21 
20 
20 
20 
19 
18 
22 


41 

09 

00 

17 

08 

58 

73 

27 

29 

95 

13 

64 
50 
91 
91 
68 
15 
70 
40 
85 

65 
15 
80 
55 
33‘ 


-9 

16' 

17 

17 

15 

15 

13 

13 

13 

13 

12 

12 

12 

11 

11 

11 

11 

11 

10 

10 

10 

10 

10 

10 

10 

10 

6 


* The apparent nae in -weight at this point is due to the lightest animals 
having succumbed 


From the first the animals failed to do well on this diet A 
large mortahty occurred during the first few weeks and a majonty 
of the animals were afflicted with diarrhea dunng this period 
This rendered it a verj' difficult matter to distinguish with cer- 



Fia 1 Comparison of the growth cnires of normal males and of nuV 
fed upon a diet deficient in fata 
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TABIX m. 

Uali Mxct Fed on Pal-Dejiaent Did Plus Cholesterol Mean Duralion 
o/ Life £2^ TTteJ^ Vanabihty of Dta-cUion of Lxfc 41 Per Cent 



were killed and replaced by others, the cage and food and water 
containers being washed down with alcohoL 
During this period a decided loss of weight was suffered by the 
animals receiving the hpm-poor diet alone The nmTpglq re- 
ceiving this diet with the addition of cholesterol, however, showed 
no loss of weight, save m a few individual cases, but, on the con- 
trary, a decided gam from the very first (compare T?ables I and 
III) It is difficult to mterpret this very stnkmg difference 
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TABLE II 


Female Mice Fed on Fat-Deficient Diet Mean Duration of Life S7 8 IFeeiU * 
Variability of Duration of Life SS Per Cent 



* Except the female which was fed after the 44th week upon tethehn 
and which survived to the age of 64 weeks 


tamty the animals affected with ^-paratyphoid while, on the other 
hand, had every ammal displaying diarrhea been sacrificed, 
nearly aU of the experimental matenal would have been lost 
As an approximate method of evading this difficulty, blood- 
stamed feces or exceptionally severe diarrhea were held mdic- 
ative of /S-paratyphoid, and ammals displaying these symptoms 
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table m. 

Male Mice Fed on Fat-Defiaent Diet Plus Cholesterol Mean Duration 
of Life BBS Weeks Vanahility of Duration of Life il Per Cent 



Weight- 

No weighed (fat- 



^91 

def jaent diet + cho- 


NcjnnaL 

i 

7 

^ 

tft« 

t 

cm 2 



4 

12 38 



5 

12 45 , 

Ji. i 


6 

15 58 



7 

18 08 



8 

19 36 

IHf m 


Q 

20 63 



10 

21 19 

15 46 

13 

11 

21 81 

16 65 

13 

12 

22 65 

16 54 

12 

13 

23 31 

16 67 

12 

14 

23 98 

17 04 

12 

15 

24 28 

18 42 

12 

16 

24 75 

20 05 

11 

17 

25 21 

19 95 

11 

18 

25 61 

19 27 

11 

19 

25 81 

19 70 

10 

20 

28 10 

20 64 

7 

21 

26 28 

20 50 

7 

22 

26 06 

19 79 

7 

23 

26 34 

21 00 

6 

24 

26 82 

20 58 

6 

25 

27 05 

20 08 

6 

26 

26 94 

20 00 

6 

27 

26 55 

19 16 

8 

28 

27 19 

19 00 

6 

29 

27 08 

18 60 

6 

30 

27 23 

18 08 

6 


were kiHed and replaced by others, the cage and food and water 
containers being washed down with alcohol 
During this penod a decided loss of weight was suffered by the 
animals receiving the hpm-poor diet alone The animHla re- 
ceivmg this diet with the addition of cholesterol, however, showed 
no loss of weight, save m a few individual cases, but, on the con- 
trary, a decided gam from the very first (compare Tables I and 
m) It IS difficult to mterpret this very stnkmg difference 
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Pia 1 Comparison of the growth curves of normal males and of males 
fed upon a diet deficient in fata 



Fla 2 Companson of the growth curves of normal females and of 
females fed upon a diet deficient in fats 
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Fiq 3 Comparison of the growth curves of nonnsl males and of males 
fed upon a diet deficient in fata, to which cholesterol has been added. 

between the behavior of the two groups of animals, more especi- 
ally as the animals receivmg cholesterol displayed no such supe- 
nonty m the later weeks of the experiment and actually survived 
for a shorter penod than the animals which did not receive 
cholesterol 

In addition to diarrhea and loss of weight, the animals fed 
upon the hpm-free diet also displayed, durmg the first few weeks 
after the mitiation of the diet, the followmg symptoms The 
tails were cold, clammy, and pale, and there was a decided ten- 
dency to develop gangrene m the tip of the tad, with resultant 
loss of several jomts The ears were perfectly white, the penis 
was usually extended and became infiamed and frequently gan- 
grened The rectum appeared inflamed The movements of 
the animals were langmd and they were notably lackmg m 
strength The animals receivmg cholesterol also displayed 
these ssunptoms, but m a milder degree 
At 8 or 9 weeks of age, that is, about a month or 5 weeks after 
the initiation of the diet, the condition of the animals noticeably 
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when 

by 

scrato; 
the surfa? 
loua, and 
cases the 


improved although it was at no penod remarkably good They 
then gamed m weight, the lesions in the tail and penis healed, 
and the appearance of the coat improved A fairly steady 
although aor^'^ Speight contmued imtil about the 
22nd wi ^ the different mdividuals) 
\ .> ^ r t -jyeigiit occurred, accompamed 

i'^ithe akm resulting m mcessant 
punctate effusion of blood at 
jji lavements became weak, tremu- 
t|^j^oi'i%al8 ate mcessantly, and m some 
M^’-^k^y ammomacal odor After a 
varymg pem)d,°ii&u^y -dbout 4 or 5 weeks, the animals died, 
sometimes after several convulsions of bnef duration followed by 
apparent recovery The animals receivmg cholesterol showed 
no supenonty over the animals receivmg the hpm-free diet alone, 
and their duration of life was, as will be seen, even bnefer It 
IS a fact which is perhaps not devoid of significance that the 
final rapd loss of weight and mcidence of death occurred m 
each group of animals at an average age approximately comcid- 
mg with a period of relative mstabihty in the growth of normal 
animnlfl * 

The duration of hfe m each group was highly variable and 
some mdividuals even survived for over 40 weeks One of 
these mdividuals (a female) at 44 weeks had already lost 2 gm 
m the precedmg month and by analogy with the other animals 
had only a few days to hve 4 mg per day of tethehn were now 
administered to this animal, with the white of egg The lost 
weight was slowly regamed durmg the succeedmg month and 
this animal attamed the age of 64 weeks The usual sharp 
drop m weight and hypenrntabihty made then appearance at 
the 60th week, however, and the symptoms precedmg death 
did not differ m any noticeable fashion from those displayed by 
the other animals Whether the great prolongation of hfe m 
this mdividual, as compared with the other members of its group, 
was attributable to the administration of tethehn or not, cannot 
of course be decided without more extended mvestigation 
From these results it is evident that although growth is possible 


* Robertson, T B , / SioJ Chem , 1916, xxiv, 372 
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on the diet descnbed, it is impossible to maintam be3mnd a 
certain penod the tissue which has been gained In fact, para- 
doxical as it may appear, we have here a diet upon which, m 
contrast to certam diets lacking paj^<^«jH§(ifcj^o-acids,' growth 
IS possible but maintenance is 

The influence of these diets up^' jM»^niinal8 

to which they were fed is sunh? ^ 'JjBfcf^ach 

yarn 
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Ittol 


y 

Xonnal 


7«t^eficiejQt 

diet. 
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22 

0 

16 
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15 

9 

16 

5 

16 

7 

13 

3 

13 

7 

14 

2 

14 

1 

11 

9 
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8 

11 

2 

9 

0 

9 

8 

10 

1 

11 

0 

10 

8 

11 

3 

10 

9 

10 

9 

9 
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■per cent 

19 

6 

18 

2 

20 

3 

21 

8 

22 

9 

24 

9 

21 

3 

23 

6 

21 

3 

23 

3 

23 

9 

22 

8 

22 

6 

19 

9 

20 

8 

19 

7 

17 

8 

18 

9 

18 

3 

20 

3 

20 

4 

20 

8 

23 

0 

24 

6 

27 

0 

29 

2 

14 

4 


pc ceni 

per cent 

percent 

14 2 

23 4 

12 0 

19 8 

19 4 

16 0 

16 6 

18 9 

15 4 

20 1 

15 0 

16 4 

19 6 

13 9 

17 9 

18 2 

13 4 

20 9 

20 7 

14 3 

20 2 

20 8 

12 6 

23 4 

21 9 

12 6 

18 2 

20 3 

13 0 

20 2 

20 9 

13 2 

19 9 

21 6 

13 7 

22 6 

16 2 

12 6 

22 1 

16 0 

11 9 

22 7 

15 9 

11 9 

22 5 

19 2 

12 0 

23 7 

19 4 

11 2 

22 7 

20 3 

12 3 

23 4 

21 3 

12 5 

18 7 

13 6 

12 0 

19 3 

13 7 

11 3 

22 9 

17 1 

11 4 

21 9 

18 1 

11 6 

22 1 

19 8 

11 8 

23 1 

20 4 

10 3 

24 0 

20 1 

12 2 

28 6 

25 7 

12 4 

27 4 


• Osborne and Mendel, J Btol Chem , 1914, xwj, 325 
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instance the initial vanabihty of the animals was subnormal 
Yet in a very bnef period of feeding upon the diets the vana- 
bihty became supernormal and mstead of decreasmg with slack- 
enmg growth, as ujr' n^ls, mamtained a high level through- 
*Jste to be a general effect of 

unfavorable dietetic or environ- 
imected to enhance preexisting 
ihr^'^jly supernormal animals resist- 



mg the' 
fully thaJ 
before fn^ 
mal anin^^ 
ever 


fCpj the^, 
,')fion m 3 


I ^^.‘Ible environment more success- 
■ ,,,^-f'jhs departmg more widely than 
^■Sal average, while mitially subnor 


cted to become more subnormal than 


StJMMABT 


1 A diet composeid of boiled and mashed potatoes, defatted 
bran, and white of egg, with the addition of small amounts of 
chlorophyll and feme chlonde, wheh fed to mice of 4 or 5 weeks 
of age, leads to mitial loss of weight followed by resumption of 
a retarded growth Ultimately, however, a sharp dechne m 
weight occurs, accompamed by marked hyperimtabihty of the 
skm and termmated by death 

2 The addition of cholesterol to the above diet prevents the 
mitial loss of weight, but does not otherwise improve the wel- 
fare of the animals, the average duration of life of the animals 
receivmg cholesterol bemg actually less than that of the animals 
which do not receive cholesterol 

3 It follows that although growth is possible on the diet 
described, mamtenance of the tissue gamed is not Dechne of 
weight therefore occurs at an age when the diminishmg velocity 
of growth has become msufiicient to compensate for the deficient 
abihty of the tissues to replace their current loss 

4 The vanabihty of animals fed upon the diets desenbed, as 
IS probably to be expected under any unfavorable environmental 
or dietetic conditions, instead of falhng with mcreasmg age and 
slackenmg of growth, maintains a high level throughout the hfe 
of the animals 
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Although synthetic dyes have played an important part in 
the study of biology and medicine, the behavior of many of 
these compoimds m the body is still imperfectly understood 
and the action of some of them is entirely unknown Owmg to 
their extensive employment m numerous mdustnes, and espe- 
cially m the preparation of foods, this lack of satisfactory m- 
formation frequently proved to be a matter of senous import 
as questions regarding their effect on health were often raised, 
but no defimte answer could be given m the present state of our 
knowledge 

The recogmtion of the need of a more intimate acquamtance 
with the reactions produced m the body by these compounds 
formed the startmg pomt of vanous experimental mquines m 
this laboratoiy, the present report being the first of a senes 
of commumcations embodymg the results of some of these 
mvestigations 

Previous observations on the changes which might occur m 
fat-soluble dyes withm the body or on the efifects produced by 
them have been confined to only a few members of this group 
and were limited m scope The experiments reported dur- 
mg the past two decades by Daddi (1), Biedermann (2), Sit- 
kowski (3), Hofbauer (4), Riddle (5), S H and S P Gage (6, 
7), Mann (8), and others dealt chiefly with selective action and 
occasionally with the path of elimmation, benzeneazobenzene- 
azo^S-naphthol (Sudan HI) bemg largely employed m these 
studies But the more recent mvestigations on this subject, 
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instance the initial vanabihty of the animals was subnormal 
Yet m a very bnef penod of feedmg upon the diets the vana- 
bihty became supernormal and instead of decreasmg with slack- 
ening growth, as mamtamed a high level through- 

’ "V'jfoimd to be a general effect of 

iistei^jjO , 1,1 j i . 

0 ^ j, V\ I unfavorable dietetic or environ- 
' ^ enhance preexistmg 
supernormal animals resist- 
(Son m 3^) environment more success- 

■nn, on departmg more widely than 

' average, while mitially subnor 



devia 

ing the 
fully 
before frc' 
mal anii^. 
ever 


^ycted to become more subnormal than 


SUMMABY 


1 A diet composed of boiled and mashed potatoes, defatted 
bran, and white of egg, with the addition of small amounts of 
chlorophyll and feme chlonde, when fed to mice of 4 or 5 weeks 
of age, leads to imtial loss of weight foUowed by resumption of 
a retarded growth Ultimately, however, a sharp decline m 
weight occurs, accompanied by marked hyperimtabihty of the 
skm and termmated by death 

2 The addition of cholesterol to the above diet prevents the 
imtial loss of weight, but does not otherwise improve the wel- 
fare of the animals, the average duration of life of the animals 
receivmg cholesterol bemg actually less than that of the ammals 
which do not receive cholesterol 

3 It follows that although growth is possible on the diet 
described, mamtenance of the tissue gamed is not Dechne of 
weight therefore occurs at an age when the diminishin g velocity 
of growth has become msufficient to compiensate for the deficient 
abihty of the tissues to replace their current loss 

4 The vanabihty of nnimn.ls fed upon the diets desenbed, as 
is probably to be expected under any unfavorable environmental 
or dietetic conditions, instead of falhng with mcreasmg age and 
slack enin g of growth, mamtams a high level throughout the life 
of the animals 
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was incorporated with the food Inquines were also conducted 
to determine the effect of renal disturbance on the elimination 
of fat-soluble dyes m the unne Zmc^lte were mixed with the 
food and fed to rats with the dyes ^ "^as also mtro- 

duced intravenously into rabbit^i^' 
cutaneously, a short space of 
operations Experiments wereov 
of chenopodium on the ehminw 
dye m the unne and bile was cvv 
dyemg wool 


1 The Ehmtnalton of Dyi 



Whatever the mode of administration employed m our expen 
ments, the presence of the different dyes in the unne (as well 
as m the bile) could be observed m every case m normal animals 
Their appearance in the unne could be observed within i 
to 2 hours after they were mjected subcutaneously Elimination 
usually contmued several days and sometimes extended over 
several weeks even when only moderate doses were administered 
Thus after the administration of 0 25 gm per kdo of benzene- 
or tolueneazo-d-naphthylamme the dyes were present m the 
unne for 16 to 17 days When 0 7 and 0 77 gm per kdo of ammo- 
azobenzene were given to two rabbits respectively the dye was 
still present m the unne at the end of 20 days After mjectmg 
0 6 gm per kilo of benzeneazodimethylamme the unne was free 
from dye only at the end of 22 days In experiments with ben- 
zenearoresorcmol dye was still present 8 to 13 days after doses 
of 0 2 to 0 3 gm per kilo were given When 0 5 and 0 65 gm of 
it per kdo were mjected mto two rabbits dye could be observed m 
the urme for 60 days The rate of elunmation by the kidney was 
much faster after mtravenous mjections In most experiments 
the dyes appeared m the unne witiun 9 to 36 mmutes In some 
cases their appearance was delayed much longer In one ex- 
periment it was first noticed m the urme after 80 mmutes The 
size of the dose seemed to have a marked influence on the speed 
of ehmmation, as was found m experiments with benzeneazo- 
resorcmol When about 100 mg of the dye per kdo were given 
elimination lasted 1 to 3 days, while doses of 25 to 36 mg per 
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notably those of Mendel and Darnels (9), mcluded attempts to 
gam information concemmg the mode of absorption, distnbution, 
ehnunation, and also toxicity which were earned out with a 
number of ^at-sol^“ j^>'^'\ncludmg Sudan in 

\ 'lYtte results of expemnents with 
fat-sise different animals Although 

i^Mthe body was the mam object 
were also made on toxicity 



of th ^ 
The folio' 
most com’ 
given at 


ion m V^'-oployed, the commercial names 


J X i I 

0 99 

Ben*enea*o-/J-naphtiijAfflime 

Tolueneaio-0-naphthylamine 

Benieneaiobenzeneaio-^naphthol 

Benzeneazo^-naphthol 

BenzeneazodimBthylanilme 

Benzeueazophenol 

Benzeneazoresorcinol 

Aminoazobenzene 

• Schultz, FarbstofftabeUen, Berlin, 1914 
** Heller and Mertz 


numbers m Schultz’s tables are 


Yellow A B ** 
Yellow OB** 
Sudan HI 223* 
Sudan I 36* 
Butter Yellow 32* 
OU Yellow 
Sudan G 35* 
Spint Yellow 31* 


Rabbits were mainly used as subjects of the experiments but 
observations with some dyes were also made on a few cats and 
on rats 


Methods 

The dyes were administered subcutaneously, mtraperitoneall} , 
mtravenously, and by mouth For subcutaneous and mtrapen- 
toneal rejections they were dissolved in cottonseed oil In a 
few experiments at the begmnmg of the research, hquid gel- 
atin or starch suspensions were also employed for this piupose 
m order to avoid a possible hpurm Intravenous rejections 
were given m 1 per cent sodium hydroxide or m emulsions 
made up with 6 per cent acacm, cottonseed oil, and sodium car- 
bonate, the amount of dye m both cases being 0 25 per cent 
All the dyes employed m these experiments were carefully pun- 
fied before usmg smee it had been shown by some mvestigators 
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ras incorporated with the food Inquiries were also conducted 
o determine the effect of renal disturbance on the elimination 
)f fat-soluble dyes in the unne Zinc_^l^were mixed with the 
ood and fed to rats with the d 3 'es 
luced mtravenously mto rabbit'd^ 
nitaneoualy, a short space of t>sd 
3perations Expemnents were'^f 
of chenopodium on the elimmlc4 
dye m the unne and bile was of \ 
dyeing wool 

I The Elvminahon of Dj/i 



Whatever the mode of administration employed m our expen- 
ments, the presence of the different dyes m the unne (as well 
as m the bile) could be observed m every case m normal animals 
Their appearance m the urme could be observed withm ^ 
to 2 hours after they were injected subcutaneously Elimination 
usually oontmued several days and sometrmea extended over 
several weeks even when only moderate doses were administered 
Thus after the administration of 0 26 gm per kilo of benzene- 
or tolueneazo-jS-naphthylanune the dyes were present m the 
urme for 16 to 17 days When 0 7 and 0 77 gm per kilo of ammo- 
azobenzene were given to two rabbits respectively the dye was 
still present m the urme at the end of 20 days After mjectmg 
0 6 gm per kdo of benzeneazodunethylamme the unne was free 
from dye only at the end of 22 days In experiments with ben- 
zeneazoresorcmol dye was still present 8 to 13 days after doses 
of02to03gm per kdo were given When 0 5 and 0 65 gm of 
it per kdo were mjected mto two rabbits dye coidd be observed m 
the urme for 60 days The rate of elumnation bj' the kidney was 
much faster after mtravenous mjections In most experiments 
the dyes appeared m the urme withm 9 to 36 mmutes In some 
cases their appearance was delayed much longer In one ex- 
periment it was first noticed m the urine after 80 mmutes The 
size of the dose seemed to have a marked influence on the speed 
of elmunation, as was found m experiments with benzeneazo- 
resorcmol When about 100 mg of the dye per kdo were given 
elmunation lasted 1 to 3 days, whde doses of 25 to 36 mg per 
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notably those of Mendel and Daniels (9), included attempts to 
gam information concerning the mode of absorption, distribution, 


ehmmation, and also 

number of fat-solute 

’ - • 

fat-sise 
the 


toncity which were earned out with a 
l^,^cludmg Sudan in 
'ISL — i^the results of expenments with 
^ different animals Although 

*Mthe body was the mam object 
rnade on tomcity 
■y i~ t ^'-nployed, the commercial names 
numbers m Schultz’s tables are 

Benreneano-jJ-naphtij^fiiine 
TolueneaEO-jS-naphthylamme 
Benzeneaiobenzeneaio-^-iiaphthol 
Ben*enea20-;3-naphthol 
BenzeneaEodimBthylamhne 
Benaeneasophenol 
Beoieneaaoreaoromol 
Ammoazobenaene 


The foil* 
most con;: 
given at 


the,; 
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YeUow A B ** 
Yellow OB" 
Sudan EH 223* 
Sudan I 36* 
Butter Yellow 32* 
Oil Yellow 
Sudan G 35* 
Spirit Yellow 31* 


• Sohulta, Farbstofftabellen, Berlin, 1914 
•* Heller and Mertz 


Rabbits were mainly used as subjects of the expenments but 
observations with some dyes were also made on a few cats and 
on rats 


Methods 

The dyes were administered subcutaneously, mtraperitoneally, 
mtravenously, and by mouth For subcutaneous and mtrapen- 
toneal mjections they were dissolved m cottonseed od In a 
few expenments at the beginnmg of the research, hquid gel- 
atin or starch suspensions were also employed for this purpose 
m order to avoid a possible hpuna Intravenous mjections 
were given in 1 per cent sodium hydroxide or m emulsions 
made up with 6 per cent acacia, cottonseed od, and sodium car- 
bonate, the amount of dye m both cases bemg 0 25 per cent 
All the dyes employed m these experiments were carefully puri- 
fied before usmg smee it had been shown by some mvestigators 
(10) that impunties caused a marked mcrease m their toxicity 
In feedmg expenments which were earned out on rats the dye 
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The Separation of the Glucuronate of Benzeneazoresorcinol 

The urine of rabbits which had received the dye was treated 
with immiscible orgamc solvents ^>^^||||^inj’-l ^cohol, ethyl 
acetate, benzene, ether, 

attempts to extract it proved •, ™B|ures 

for the isolation of the substant^/ 

was found that on treatmg tbjt ' nc 

acid the dye could be precipitab^ >^01^ 

an excess of the acid as the pr^^^ - * .^^fcolved if 

this precaution is not observed ''juS ,^^^_«^J|Bghly and 
coohng with ice, the mLxture was aliV se^rral hours 

and then filtered by suction The filtime was still dark colored 
although no further precipitation could be oblamed with acid 
The brownish red precipitate was washed with cold water a 
few times and then crystalhzed from dilute alcohol The sub- 
stance crystalhzed m yellow to pale brown needle-shaped pnsms 
meltmg at 189-190'’C with decomposition, the yellow substance 
changing to a red color at 130-140'’C without imdergomg any 
other apparent transformation 

The nitrogen determinations were made by the modified Kjeldahl 
method of Phelps and Daudt (13) The substance was dried at IIS'C for 
6 hours The calculated amount of nitrogen m glucuronate of benzeneaso- 
resorcmol, CuHioNjO*, was 6^ per cent, found, 6 85 per cent 

Reactions of Glucuronate of Benzeneazoresorcinol — ^The substance 
dyed wool yellow, gave no test for sulfur or halogen, and did not 
respond to the resorcmol test On reduction m aqueous or alco- 
hohc solution with stannous chloride the yellow color disappeared 
and did not return when exposed to the air, even when treated 
with oxidizmg agents 

Hydrolysis — 0 5 gm of the glucuronate was suspended m 
100 cc of water to which 2 5 cc of HCl (sp gr 1 19) were added 
Hydrolysis was effected by boding the mixture untd the solution 
became red When boded for 1 hour a red substance separated 
out on coohng It was made slightly alkahne with sodium hydrox- 
ide and warmed on the steam bath for 1 5 hours, the clear red 
solution cooled, and then neutrahzed with acetic acid A red 
precipitate was obtained which was filtered off This substance 
was insoluble m water and crystallised from ddute alcohol m 



406 


Coal Tar Colors I 


kilo disappeared from the urme at the end of 2 to 6 hours In 
two expennients, however, with 6 and 8 mg per kilo elimina- 
tion lasted 3 to 4 hour ^t may be remarked that the medium 
in which '-^'♦pred was without any effect on the 

rate the same whether given m 

the “ sodium hydroxide 

'Vt these experiments) are 


y . ^m uiese experiLuems; are 

also elf^^ they are given by mouth was 

shown ^ t/'*ts Two cats received 100 mg 

per kilQ^I~^^^-'.°^^-^^^'^,'^.Iiol with their food The next 
mormng, _ 7 hours, the urme was colored with 
dye EhiiriDation uS^J?]tvn 24 to 48 hours Similar results 
were obtained with other fat-soluble dyes that were fed to 
different animals Rats that had been receiving daily with 
their food 60 to 70 mg of benzeneazo-^-naphthvlamine or 120 
to 140 mg per kilo of body weight of the toluene denvative 
ehrmnated these compounds in the urme, this was also observed 
m two rabbits that were given 1 gm per kilo of these dj^es by 
mouth Elimination in the urme was likewise observed after 
mtrapentoneal mj actions of these dyes when suspended in gela- 
tm or starch as well as when dissolved m cottonseed oil As 
tests for the presence of fat m the urme after the adnunistration 
of the dyes were invariably negative, the observation that these 
substanees are ehrmnated by the kidney suggested the advis- 
ability of ascertammg m what form they were present in the 


It was shown long ago by Schmiedeberg (11) that anilme given 
to ammals is partly e limin ated as glucuronate and partly as sul- 
fate It has also been established that vanous anxhne deriva- 
tives undergo similar changes m the body, as shown in the case 
of antipynn, acetanihde, and acetophenetidme Accordmg to 
Gautrelet and Gravellat (12), manne blue is elimmated by the 
kidney in combmation with sulfunc acid 

Conjugation with sulfunc or glucuromc acid was naturally 
thought of as the mechanism by which the vanous dyes which 
we have studied might be transformed mto water-soluble com- 
pounds This suggestion was tested in two djes, benzeneazo- 
resorcmol and benzeneazophenol, the followmg procedure bemg 
adopted 
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Hydrolysis — 0 15 gm of the glucuronate was suspended in 
25 cc of water and treated with 0 6 cc of concentrated HCl The 
mixture was boded gently under a reft''’ condenser, whereupon 


ipn -with a 
° 'Vhours 
^^This 



the substance graduallj'' went intj 
floating dark red od The hydK^ 
and on coohng, yellow pnsn' 
substance 'was filtered off ano 
crystallization from ddute alcti 
deposited which melted at 1541'^ 
ciystals gave a Mdlon test and^ 
azophenol, which melts at 154-6 U'i 
melted at the same temperature 
Furfurol-HCl Distillation — 65 mg of the glucuronate were 
suspended m HCl (sp gr 1 06) and distilled as prenously de- 
scnbed The distdlate gave a strong Schiff test ■with amhne ace- 
tate and also a characteristic furfurol reaction 'with phloroglucmol 
Naphthoresorcinol Test — ^This 'test was earned out exactly as 
desenbed under the glucuronate of benzeneazoresoremol A posi- 
tive reaction was obtained and the 'violet-eolored ether showed 
an absorption band m the yellow at D 

On account of the color imparted to a solution of these glu- 
curonates and the low specific rotation of glucuromc acid, no 
very satisfactory results could be obtamed as regards optical 
activity 1 per cent solution of the phenol denvative m 50 per 
cent alcohol showed a rotation of — 3° m a 0 5 dm tube After 
hydrolj’Bis mth dilute sulfunc acid this rotation was decreased 
to 0° but because of the energetic treatment which is necessary 
for the hydrolysis of this product, the glucuromc acid was prob- 
ably decomposed and no positive rotation of the free acid could 
be detected In another experiment where less material was 
utihzed, the hydrolj’sis changed the rotation from —0 3 to -f-O 1° 
However, these readings m dark colored fields are ■withm the 
■liimts of experimental error The synthesis with glucuromc 
acid, as established m the case of benzeneazophenol and benzene- 
azoresoremol, mdicates that the beha-vnor of these substances m 
the body is similar to that of other members of the aromatic 
senes It may be inferred, therefore, that the other fat-soluble 
dyes whose ehimnation m the urme was observed had under- 
gone a similar change, those not possessmg a hydroxyl group 
first being oxidized to h 3 ’'dro'sy denvatives 
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beautiful acicular crystals which melted at to a clear oil 

When mixed with benzeneazoresorcmol (meltmg pomt 167-8°C 
to an oil) the mixture also melted at 167-8° C to a clear oil 
Fvxfurol-ECl 6 gm of the substance was 




mett 
6trc|&i 
glu-A 
aUy 

furol-p^^ 
Naji 


^ \ 1 ^) and distilled accordmg to the 

” ^"Y-^i^^en (14) The distillate gave a 


i^OTaDd on treatment with phloro- 


the yellow, then green, and fin- 

on in 3 y> f black precipitate of the fur- 

Q QQ'y —The conjugated product was boiled 
vili ' •-'ing a few drops of concentrated HCl, 
ivi^a 


m 10 ccl^ 

cooled, and treated wi^i^ equal volume of concentrated HCl 


(The substance would not respond to the test without this 
previous hydrolysis ) To this were added 2 cc of an alcohohe 
solution of naphthoresorcmol and the mixture was boiled for 
1 minute, allowed to cool, and extracted with ether The ether 
took on a violet color and showed an absorption band at D 


The Separation of the Glucuromte of Bemeneazophenol 

The urme containmg this substance behaved towards immiscible 
extractmg solvents m a manner similar to the one previously 
described The 24 and 48 hour urmes of rabbits which had 
received benzeneazophenol were treated with concentrated HCl 
until precipitation was complete The mixture was cooled with 
ice and the yellow precipitate filtered off by suction This 
product was crystallized from dilute alcohol from which it sepa- 
rated m yellow rectangular plates or, sometimes, acicular pnsms 
meltmg at 164-6°C with decomposition 

The substance was dried at llO'C for 4 hours The amount of nitro- 
gen calculated in benieneazophenolglucuronate (CnHjoNiO#) was 7 14 
per cent, found, 6 85 and 0 76 per cent 

Reactions of the Glucuronate of Bemeneazophenol — The sub- 
stance dyed wool a hght yellow, gave no test for sulfur or halo- 
gen, and did not respond to the Millon test It was reduced 
by tm chloride m aqueous or alcohohe solution to a colorless solu- 
tion but the color did not return on oxidation 
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Raibit 1,694 Black Male Weight 1,BS0 Gm Diet, Oats 


amount of 


Jan 21 Subcutaneous injection of 0 5 gm of benzeneasophenol in 10 
cc of bleached cottonseed oil 
Jan 22, 9 a m TJnne collected Coni 
dye 2 47 p m 0 8 cc of oij^ 
given by mouth Eliimnation/ t 
next 3 days, but the ebminatrt 
tbia / 

RaUit 1,665 Belgian Female \ 

’'V 

Jan 7, 11 10 a m Subcutaneous 

in bleached cottonseed oil 4 10 pV ^ 

shoTved presence of dye 

Jan 11 Dye still eliminated m unne, 0^^^ of oil of chenopodium 
m 15 cc of cocoanut oil given by mouth . 

Jan 12 TJrme showed the presence of slight amounts of dj e 
Jan 13 Urine did not contain any dye An examination of the urine 
daily for several da}'s failed to indicate the presence of dye 



tophenol 

bladder 


The esxpenment xvas repeated on another rabbit "with the same 
result In both cases albumin was found m the urme on the 
3rd day after the mjection of chenopodium and persisted for 
several weeks In some rabbits, however, the ehmmation of 
dye contmued unmterruptedly after oil of chenopodium was 
given although albumm was present m the unne Permeabihty 
of the kidney for the dyes studied may be mdependent, there- 
fore, of albuminuna which is frequently physiological m the 
rabbit (15) The failure of the dye to pass out m the unne 
could, nevertheless, be attnbuted to renal disturbance It 
has been shown by Salant and Lavingston (16), that oil of cheno- 
podium produced a marked fall of blood pressure with a pro- 
nounced decrease m the volume of the kidney Impaired func- 
tion due to deficient nutrition caused by the lessened blood 
supply might thus interfere with the ehmmating power of the 
kidney This would seem to be highly probable m view of the 
experiments of Litten (17), who observed different degrees of 
mjury after clampmg the renal artery for to 2 hours On 
the other hand, abohtion of the synthetic function of the hver 
might be regarded as the cause of the absence of the dye from 
the unne in poisonmg with oil of chenopodium That this was 
not the case appeared from expenments which were earned out 
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II The Elimination of Dyes in Diseases of the Kidney 


In a number of experiments on rabbits that received mtra- 

venously 10 mg ol^ > 7 j,kilo m the form of malate, marked 

lesion of the kidney bemg found 

V^e ehmmation of dyes which 

If l-y-WTOiy shght at first In about 

disappeared from the urme 
1 111 1 . 



oi- , — •'"'fetation of fat-soluble dyes was 
on ,^i36stance8 were mcorporated with 

1 .r il T- 


two of 


mgredients of their diet In 
~„ic was given With the food, 40 gm 


^99 

of which contamed 'e^^ m the form of the acetate or of the 
suKate The urme exammed 18 hours later failed to show the 
presence of the dye, thus mdicatmg that renal function may 
be impaired even when the metal is given with the food 
Evidence of decreased permeabihty of the kidney was also 
present after the subcutaneous mjection of oil of chenopodium, 
but the results were net constant, ehmmation bemg mhibited 
m only eight out of fourteen rabbits Almost complete suppres- 
sion of ehmmation was observed m one experiment m which the 
dyes were mjected several days previous to the administration 
of oil of chenopodium In two others, m which it was given 
immediately before the oil of chenopodium, the same results 
were obtamed, none bemg ehmmated durmg the first 24 hours, 
while the urme obtamed on the foUowmg day was butshghtly 
colored In a third senes of expenments, typical protocols of 
which are given below, the evidence of decreased permeabihtj 
of the kidney after the admimstration of fat-soluble dyes was 
even more satisfactory 


Rabbit 1,671 Belgian Male Weight 1,395 Om Diet, Oats 

Jan 18 Subcutaneous injection of 0 75 gm of benieneaiodimethyl- 
aniline dissolved m 16 cc of cottonseed oil 

Jan 19, 9 am Urine collected Contained considerable amounts of 
dye 1pm 0 55 cc oil of chenopodium given by mouth in 16 
cc of cocoanut oil 

Jan 20, 9 a.m Rabbit found dead The urine which passed since 
the oil of chenopodium was fed did not contain any dye This 
rabbit had albuminuria for the last 6 days 
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the bile m tvro experiments ivas free from dje at the end of 8 
and 13 days but it was still present m the unne This was also 


noticed after mtravenous mjections 
this IS presented m the foUowmjE. 


illustration of 

lent 



lund 


^xide, m- 


RahhtJ , 

9 45 ajD Ether administered, cif 

closed ( 

10 10 B3e light green -* I 

10^1 5cc ofbenzenearoresorcin 
lectedmto ear vein in 6 minu^'C 

10 36 Dye appeared m unne 
11 10 Unne obtained from bladder noii, 

11^ Unne very faintly tinged mth dj 

11 40 Presence of dye in unne distinct 

1J30 pjn 13 cc. of reddish brown bile cor-’ected Bile hght colored and 
became normal in appearance in about 1 hour 
4.15 5 cc of bile, yeUowiah green 

The following day, 9 ajn , 23 cc of ohve-green bile collected. 

12 20 p m Unne obtained from bladder still colored with dye. Rab- 

bit chloroformed. 


The observation m this, as m several other expenments, that 
the dye contmues to pass out m the uime after its disappear- 
ance from the bfle is very suggestive, as it pomts to the kidney 
and not to the hver as bemg the chief organ of excretion for these 
compounds This is particularly mterestmg m view of the re- 
sults of Mendel and Darnels (9) who, it will be recalled, mam- 
tamed that the fat-soluble d 3 'e 8 are eliminated entirely bj-- the 
hver, their presence m the urme bemg observed only when hpuna 
existed The decreased permeabihty of the kidney which we 
noticed m zmc nephritis suggests that a similar process might 
have been operative m the experiments of these investigators 
Our observations on the inhibitory effect of orl of chenopodium 
on the ehnunation of dyes make this supposition highly probable 
for there was no evidence of renal mjuiy caused by the od, which 
mdicates that the mechanism for the elimination of these sub- 
stances might be deranged although no abnormality was observed 
m the appearance of the kidney or of the unne secreted The 
discrepancy between the results of Mendel and Darnels and 
those which we obtamed may thus be explamed It is entirely 
possible that the animals thej used m their experiments were not 
normal 
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on rabbits with hydrazine, which is a hepatic poison Oil 
soluble dyes givf''‘"^^8uch animals were eliminated m the urme 
as was observer^V ease of normal aminals 

the oil-soluble tetra- 

chlrjI^V ^ut not in the 

m 3 1 , Daniels (9) with a num- 
ber Qjj 

of elmiuj'^B^^’-^ " ^^^rl^ArOpounds which they examined 
As Bhowii^^3i^i^:Cji .-.\-,!>ftges this view cannot supported 
in the ligh^f'our Stjv^ations on the subject Their state- 
ment that these dyes may be eliminated by the hver, however, 
was fully corroborated by us m the present mvestigation Exami- 
nation of the bile, made after a proper mterval followmg the ad- 
ministration of the different dyes which we have studied, showed 
that the hver played an important part m the ehmmation of 
these compounds Bile removed from the gall bladder of a 
rabbit 14 days after the subcutaneous mjection of tolueneazo- 
/3-naphthylamme contained a small amount of the dye Evi- 
dence of ehmmation by this path was also obtamed m expen- 
ments with benzeneazo-^-naphthol The bile of three rabbits 
which received 0 5 to 0 6 gm per kilo subcutaneously was still 
deeply colored at the end of 12, 13, and 18 days The results 
were more stnkmg after mtravenous mjections, the bile bemg 
obtained from a temporary fistula In experiments on three 
rabbits which received 0 022, 0 029, and 0 043 gm per kilo in- 
travenously, the color was noticed m the bile m 16, 17, and 18 
mmutes respectively Similar results were obtamed m expen- 
ments with several other dyes The period of ehmmation was 
found to be relatively short After the mtravenous mjection 
of 0 130, 0 140, and 0 160 gm of benzeneazoresorcmol per kilo, no 
dye could be observed m the bile at the end of 4 hours It may 
be remarked that the period of ehmmation when a dose of 0 020 


gm per kilo of benzeneazophenol was mjected intravenously 
was 3i hours. The probable significance of this will be discussed 
later It is mterestmg to observe that elmimation m the urme 
contmued for some tune after the dyes disappeared from the 
bile After the subcutaneous mjection of benzeneazoresorcmol 
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m the bile and unne had ceased Staining of the other tissues 
was seldom noticed In a few instances onl}’’ (kjuld anj' dye be 

had fas^'^'i days re- 



lamme 


sexy 

I'^US 

amount 
toneal 
on a 
g adminis- 
later The 


seen m the nervous system A cat.g 
ceived mtrapentoneall 3 ’' 2 gm gf'' 
per kflo, suspended m starch ^ , 

until the death of the animal if 
dye was administered On au{ 
distmctly m the bram, nerves, i 
tissues, and m the fat It mayVi;^ 
of dye, apparently unchanged, w 
cavity A second experiment with ^ 
well fed cat, 1 3 gm per kdo su8pendtH^starch'”De 
tered mtrapentoneall}'- The cat died 45 hours 
subcutaneous tissues and fat of the body were likewise colored 
m this case, neither the bram nor spmal cord showed the presence 
of dye but the nerves were stamed The same results were ob- 
tained with tolueneazo-iS-naphthylamme dye, which was also 
administered mtrapentoneally to a well fed cat, a dose of 0 88 
gm per kilo suspended m starch bemg given The duration 
of life m this case was 9 days The unne contamed the dye dur- 
ing the life of the animal A dose of 1 1 gm per kilo was given 
to another cat m the same way The duration of life was nearly 
6 days Shght coloration of the subcutaneous tissues was ob- 
served but the nervous system was free from dye 
That the duration of life might be an important factor m the 
persistence of the vanous dyes m the tissues was shown m the 
following experiments in which the substance was mtroduced 
directly mto the circulation In two rabbits m which benzene- 
azoresorcmol, 0 1 gm per kilo, was given mtravenously it was pres- 
ent m the subcutaneous tissues, fat, bram, and nerves, m one of 
the rabbits which hved a httle over 4 hours, while m the other, 
which hved 18 hours, the subcutaneous tissues and fat alone were 
colored It may be remarked that m several experiments with 
different dyes, the nervous system was free from dye at the end 
of 4 to 6 hours after the mtravenous administration In one 
experiment on a rabbit 0 125 gm per kilo of benzeneazo-i3-naph- 
thjdamme was administered mtravenously m the form of an 
emulsion The rabbit hved hours On autopsy the dye was 
found m the fat, subcutaneous tissue, bram, nerves, medulla of 


414 


Coal Tar Colors I 


IV Are Dyes Eltminated zTiio the Oastro-Iniestiml Canal? 
Obsen^ations have ako been made on the elumnation of fat- 

7,. j t 1 _ , - 


soluble dvp” ’nb 


m 

on 


^•^i^stmal canal In one experiment 
per kilo was given 
m contents of the lower portions 
ganf^ il M'^ere stamed but no evidence of 
the gastro-intestinal canal 
experunent was repeated 


yKjjji 'x'i >roc( icpcaueu 

be seen m any part of the 
nt ogV-'l-^with several other fat-soluble 
^ '^-7 non likewise proved negative The 

presence of~tbe dye mtestme might, therefore, be due to 
abnormal conditions The recent report of Lewis (19) on trypan 
red IS suggestive. After the mtravenous mjection of this sub- 
stance mto rabbits he observed large amounts of the dye m the 
aqueous humor when the eye was congested, but this fluid was 
free from color when the eye was normal 


V The Distribution of 'Fat-Soluble Dyes in the Body 

Observations on this subject have been made by several mvesti- 
itors Mann (8) claimed that animals fed oils colored with ben- 

sneazobenzeneazo^-naphtholshowonly Btammgof the adipose tis- 

le S H and S P Gage (7) failed to observe stainmg of the 
irve fibers of chicks developed from eggs stamed with benzeneazo- 
nzeneazo-^-naphthol, but they reported that the adipose tis- 
BS were stamed with the dye Mendel and Darnels (9), who 
penmented with a number of fat-soluble dyes on different am- 
Js found that, with a few exceptions, the adipose tissue and 
ae marrow were stamed This -was rarely the caSe with the 
iBcles while the nervous system and kidneys appeared to be 
isistently free from dyes Then presence m the hver could 
observed in some cases but m the greater proportion of e\- 
unents no stammg of this organ could be noticed after the 
Qimstration of any of the colormg substances 
lur studies on the distnbution of the different dyes in the body 
e made on rabbits and on cats We found that the adipose 
les were always colored with the dye, no matter how mtro- 
sd mto the body, the color persisting even after its elumnation 
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stated m advance that none of the dyes examined were found to 
be very poisonoxM to the animals on which they j^^d been tested 
Thus, rabbits which received 1 to ^ ^''zo-,9-naph- 

thylamme or of the toluene 

dissolved m od and injected siJ >9|j^^',ieally 

caused death in 4 to 9 days A 1 oome 

ynthout manifestation of any/ , ^^^^erest- 

mg to observe that a dose of 1 ( ^ ^^^fcouth 

was more toxic than when gil^ „ ^^Kluration 

of life m one rabbit bemg 2J d > ^^Babout 40 

hours As already mentioned, feedv ^Bfc^i;(^jH|Brats were 
also earned out with these dyes to per kilo 

of benzeneazo-^-naphthylamme fed daily with their food for 
4J months and about twice these amounts of tolueneazo-^- 
naphthylamme administered m the same way for months 
failed to show any poisonous action Benzeneazoresorcmol (Table 
rV) given subcutaneously m amounts of 0 6 to 1 0 gm per kilo 
likewise failed to mduce any visible effect A large number of 
experiments by mtravenous mjection were also made with this 
dye 100 to 160 mg per kilo dissolved m 1 per cent NaOH 
faffed to produce any symptoms When administered m the 
form of an emulsion, 100 mg per kdo proved to be fatal to 
one rabbit m 4| hours and to another m 18 hours Two 
other rabbits which received 86 and 94 mg per kdo survived 
The administration of larger doses could not be earned out satis- 
factorily on account of the lack of a smtable solvent Of the 
other members of the group (Table VI), benzeneazo-^-naphthol, 
IS perhaps more toxic, as rabbits that received 0 64 to 0 55 gm 
per kdo subcutaneously died m 2 to 18 days, loss of appetite 
bemg the only symptom noticed That this dye was toxic 
was claimed also by Weyl (10), who fed it to a dog The dura- 
tion of hfe of rabbits that received 1 7 gm per kdo of benzene- 
azobenzeneazo-^-naphthol (Table m) subcutaneously and m- 
trapentoneally was 1 to 3 weeks, which makes it extremely 
doubtful whether death was due to the dye Mendel and Darnels 
(9) state that large doses fed to cats were harmless provided 
the dye was pure Benzeneazobenzeneazo-^-naphthol is there- 
fore also much less active than benzeneazo-iS-naphthylamme or 
the toluene compound After 0 7 and 0 77 gm of benzeneazo- 
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the kidney, muscles, cartilage, and lungs In similar experi- 
ments in wludi the dur^ion of life was longer, the nervous system 
usually ^ ^ ^ cases, the nerves 

added that the distribution of 

^ Xl.* _ 


-A 


V.* 

tissues and the nervous sys- 
l;K'^k:edly colored in one expen- 
^^^'"^-ilction of benzeneazoresorcmol, 
j y ?^*“^JJjmstaMied m this case The re- 
bnefly summarized by stat- 
'gg'p:y^ ^oucs and fat are generally colored 
-i dt-6oluble dyes The bram may also 
but the nerves are apt to be stamed 


iona^r‘ 


alone 

the Jio- 

i 

tem 
me 
the 6 
suits CO 
mg that 
after the i 

contain dyo ^ ^ - j-- -- — 

perhaps a httle more frequently than the central nervous system 
We also made observations on the disappearance of dye from 
the blood The tests were made with benzeneazoresorcmol only, 
which was given mtravenously In three experiments m which 
25 and 67 mg of the dye per kilo were mtroduced, it was still 
present m the serum after Q\ to 15 hours This is especially 
mterestmg smce, as it will be recalled, elimination of the dyes 
we examined ceased m the bile and in the urme m 4 to 6 hours 
after their administration It seems qmte probable, therefore, 
that the elimination of these bodies occurs only as long as there 
are excessive amounts m the circulation It may also be pomted 
out m this connection that some of the tissues of the body were 
stamed when the bile and the urme no longer showed the pres- 
ence of dyestuff This observation that fat-soluble dyes may 
be present m the blood and other tissues m visible form after they 
can no longer be seen m the excretions might be due to fatigue 
of the excretory mechanisms for these compounds which, as we 
have seen, seem to be exceedmgly dehcate and unstable That 
a firm combmation nught be formed with hpoids m the tissues 
from which the dye is either separated with difficulty or is trans- 
formed mto a leuko compound and thus escapes detection, also 
appears to be a plausible explanation 


VI ETpenments on Toxtaty 

Although the present studies were mamly confined to inquines 
on the fate of fat-soluble dyes m the body, observations were 
also made on the toxicity of these compounds It might be 
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phenol, loss of appetite was the only symptom observed. With 
one (see asterisks, Table V) the rabbits 
^^erefore less than that of benzene- 
' jtfeethylamlme dissolved m oil and 
p iL of 0 53 to 0 6 gm per kilo 

iawlymptoins except loss of appe- 
r yyl* rabbit Accordmg to Weyl 
a -y Chlopm’s (20) expen- 

to 0 5 gm per kilo by mouth, 
Jnutmg, diarrhea, and renal im- 
p'^e repeated by him m 4 to 9 days 

tjS of renal imtation and death 

Although the data on toxicity reported m the present mvesti- 
gation are of a preluninaiy character and are therefore made- 
quate, they nevertheless mdicate important differences m the 
behavior of some of the dyes As is shown m experiments with 

benzeneazobenzeneaiKH?-naphthol, the toxicity of the naphthalene 

senes may be decreased by the presence of another azo group, 
but even these compounds are more toxic than the phenol and 
resorcmol dyes It may be remarked m this connection that Weyl 
(10), expenmentmg with a number of diazo colors, pronounced 
them non-poiBonous 


the exceptioji 
survived 

given 
hkew, 
tite, 

( 10 ) 
ments 
show th. 
tation 
he noticed 



SUMMART 

1 Oilnsoluble and water-insoluble .riyes administered to dif- 
ferent animals were elmunated m the unne and m the bile 

2 Ehmmation m the unne was usually inhibited m poison- 
mg with zmc or oil of chenopodium 

3 Two of the compiounds of benzeneazophenol and benzene- 
azoresorcmol, which were isolated from the unne of rabbits, 
proved to be conjugated with glucuromc acid 

4 Most of the dyes were deposited m the adipose tissues, 
stammg of the nervous tissue, the kidney, and muscle was also 
observed m some experiments 

5 10 to 16 hours after mtravenous mjection of 25 mg per kilo 
of benzeneazoresorcmol, the dye was still present in the blood 

6 The toxiaty of the different dyes was not pronounced even 
when larger doses were administered 
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obtainable sooner 
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The total number of rabbita employed in experunenta 
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•Tho total number of rabbita employed m otpenmonte with 
Beo page 418 
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ATT ELECTRICALLY HEA? 

Br T BBAIIiSFOBD ROBER; 

[From the Department of Biochemt 
Phpstolofftcal Laboratory, Um 
Laboratory of Pathalogy~\^ 

Cahforma,^ 

(Received for publicatfo i 

In preparing certain biochermc^^^^^^ it is frequently 
desirable to employ a desiccator of large capacity, capable of 
evacuation and of bemg heated and maintamed at a predeter- 
nuned temperature The various forms of apparatus available 
on the market are either of very small capacity or else eicpensive 
and deficient m the range and adjustabdity of the temperatures 
employed We accordmgly have had constructed for our use 
the apparatus described below, which is of lai^ capacity, readily 
accommodatmg a filter funnel 9 mches m diameter containmg a 
50 cm filter paper It mamtams a vacuum for several hours and 
may be held with considerable precision at any desired tempera- 
ture within a wide range If desired, a vessel containmg sul- 
furic acid or other desiccatmg reagent may be placed on the 
floor of the apparatus and false bottoms or shelves may be fixed 
at any desued height above the reagent With the aid of this 
apparatus, employmg certam obvious precautions, tethelm sus- 
pended m alcohol-ether mixture may be completely dned with- 
out discoloration at withm 6 hours, yet this substance is 

so exceedmgly hygroscopic that a few mmutes’ exposure to the 
air of the room suffices to convert it mto a deeply colored, sticky 
mass ' 

The apparatus consists of a double walled circular copper 
mch sheet copper) chamber, well insulated by asbestos and set 
m a monel metal shell This chamber can be closed at the top 


* Aided m part by a grant from the George WiUiams Hooper Founda- 
tion for Medical Research 

* Robertson, T B , y Biol Chem , 1916, xnv, 409 
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by a tight fitting cast aluminum bd which can _be screwed down 
by means of three screws (S) 
space (N) makes the compa^ 
evacuated by attachmg a vn^w' 
vacuum so obtamed c‘'V/» 
after the cock is closed - 
uated chamber is mamtan^ 
methane (boihng pomt 40'‘| 
two copper walls, heat beingV 
heatmg elements, connectev' 
pocket (L) Each heatmg ei 
small platmum-tipped brass i 
with a platmum pomt set on ■ 
more of the heatmg elements i 
Temperature control is mamtamed by means of the sprung 
copper disc (D) When heat is apphed to the hqmd dichloro- 
methane m (L), vapor is formed which will exert a pressure on 
the copper disc (D), tendmg to force it downward This disc 
m turn presses against the pm (P) which when forced down- 
ward will cause the contact between (A) and (B) to be broken 
In this way any or aU of the heatmg elements (H) are switched 
m or off as needed to mamtam a constant vapor pressure and 
temperature m the double walled space surroundmg the cham- 
ber By shiftmg the weight (W), tension on the disc (D) may 
be mcreased or decreased and the temperature m the chamber 
varied (withm a certam range) at will By selectmg hqmds 
havmg a boilmg pomt higher than that of dichloromethane the 
temperature range may also be vaned Heatmg of the cham- 
ber by means of the vapor of a volatile hquid assures a uniform 
distnbution of heat 

On usmg the apparatus for the first tune the needle valve (V) 
IS opened to allow an to escape and closed agam when dichloro- 
methane vapor begins to escape This assures the space bemg 
filled solely with dichloromethane vapor To fill or dram the 
hqmd m (L) a dram plug (E) is provided To msure ngidity and 
tightness, the walls are thoroughly braced and reinforced and 
all jomts are silver-soldered 

The apparatus was constructed by hlr A J Kercher of 
Berkeley and embodies several of his own mventions 





THE OXIDATION OF 


I THE ACTION 01 n' 
HOMOLOGUEi/ 

Bt P A. LEV 
{From the Laboratories of The ' 


(Received for publicatii 



iCIDS 


earch') 


It IS noteworthy that while theTH^oint^i fatty acids occur- 
ring in nature belong to the normal seVifs, those composed of more 
than twenty-two carbon atoms contain at least one tertiary 
carbon atom m their molecule.* The structure of these acids is 
entirely unkn own The problem of their structure naturally 
IS identical with that of the location of the tertiary carbon atom 
m the molecule There exist two methods by means of which 
the solution of the latter problem may be reached One con- 
sists m the gradual transformation of a fatty acid mto its 
lower homologue passmg through the followmg phases 

RCH 5 COOH-+ RCHBrCOOH RCHOHCOOH-» RCOOH* 


By contmumg these operations on the lower homologues one may 
finally reach an acid of known structure, or one the structure of 
which can be made known by synthesis This method has the 
advantage of generahty and rehabihty, however, it has the disad- 
vantage of requirmg large quantities of material and much time 
for execution 

The second possible method is to be based on the properties 
of the tertiary carbon atom In ahphatic hydrocarbons, alcohols, 
acids, etc , contammg a tertiary carbon atom CH), this is 
found to be most susceptible to the action of oxidmng agents 

However, the expenence gamed m this laboratory on hgnocenc 
and cerebromc acids was rather disappomtmg lagnocenc acid 

» See Meyer, V , and Jaeobson, P , Lehrb organ. Chem , Leipsic, 2nd 
edition 1007 i, 501 

’ Levene, P A., and West, C J , J" Bwl Chem , 1914, tvi, 475 
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was shown by Meyer, Brod, and Soyka’ to contain a tertiary 
carbon substantiated this con- 
clusion ^ the presence of a tertiary 

carbonWlK^^ hgnocenc or cere- 

bromc.^HM^ ot time m a 

^ evidence of the oxida- 

eason to doubt that under 
^ay take place The prob- 
e- phase, was to establish 

conditiS^B^X/i^^. undergoes 

oxidatilf *lufcvv^/ f ^ 

sirablea^'^^e^'^. Jfd“gthe properties of the meth- 
enyl groi’pV^ GEroi tlfearber writers were based on a very 
limited number of obsenations It was reahzed that the charac- 
ter of the radicles attached to the tertiary carbon atom may be 
of considerable influenpe on its stability In the senes of aliphatic 
acids the distance of the tertiary carbon atom from the carboxyl 
seemed particularly worthy of consideration In view of this it 
was concluded to mvestigate the action of oxidizing agents on 
the higher homologues of dunethylacetic (isobutync) acid, 
(CHil'CH COOH Unfortimately only the lower members of 
this senes had been prepared by previous workers and our task 
fell into two parts, one the preparation of the higher homologues, 
and the other their oxidation 


Preparation of the Acids 

The preparation of the acids was based on the foUowmg set 
of reactions 

nrH-OH-» BCH,r->- RCH.CH (COOC,H,)«-+ RCH(COOH),-> 
RCHiCOOH — > RCHjCOOCjHj y RCHjCH,OH 

The set of reactions was then continued progressively to build 
UD the higher homologues 

2-MethjlpropyI alcohol (isobutyl alcohol) (CHj)oCH CHjOH, 

, Moyer, H, Brod, L, aud Soyka, W , MonaUh Chem , 1913 , ^^^xiv, 
‘“*^Lovcne and West, J Biol Ckcm , 1914, xvm, 477 
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and ite next higher homologue, 
alcohol) CCH,)jCHCHi CHiOH,/ 

The firet substance vas obj/^ 
the Du Pont Chemical Worl^ 
tillation The second way”^ 
alcohol,” folio wmg the p ^ 
later perfected by Mari,'*-" 
investagation were foUowetf 
After some expenence m IjJ, ^ 
the yield was very satisfat^^i' 

The iodides were prepared b) ^ ^ hydn- 

odicacid The procedures as ess^'-^^ ^^BmP^Rymnended 
by Noms * Only such slight inMduced as 

suggested themselves by the larger qu5<^ti^^f material emploj’ed 
m course of*this work The details are given in the experimental 
part The juelds were never less satisfactory than those obtained 
by Norris, and were at tunes considerably better 
Reduction of the Eaters to Alcohols — For the reduction of esters 
mto the corresponding alcohols the process of Bouveault and 
Blanc’’ has been essentially improved In the ongmal process 
an alcohohe solution of the ester is slowly added from a droppmg 
funnel to six atoms of sodium divided m large pieces The pro- 
cedure was rather awkward and the efficiency of the sodium 
minimal In the present work the sodium was suspended m 
toluene The flask was provided with a mechamcal stirrer 
By heatmg the mixture m a metal bath with contmuous stirrmg 
the sodium was reduced to small globules When this stage was 
reached, alcohol and then the ester m alcohohe solution were 
allowed to flow from a droppmg funnel mto the emulsion of sodium 
and toluene By contmuous stimng the contact surface between 
sodium and ester was mamtamed at its maximum The time of 
reaction is reduced from 6 hours by the ongmal method to 1 hour 
by the modified method The apparatus and the details of the 
procedure are desenbed m the experimental part 
All the other steps m the preparation of the acids were those of 


* Marckwald, W , Ber them Oes , 1931, xxxiv, 479 , 1932, xixv, 1595 

• Noms J F , Am Chem J , 1937, xxxviii, 627 Norris, J F Watt 
M , and Thomas, R , J Am Chem Soc , 1916, xjcxvni, 1071 

' Bouveault L , and Blanc, G , Bull Soc chim , 1934, -dcxx, 666 
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>ted the presence of a tertiary 



was shown by Meyer, Brod, and Soyka’ to contam a tertiary 
carbon ato^,-^'f "ene ‘■y'^est^ have substantiated this con- 
clusion a : 

bronic * 
perm 
tion oi 
On 
favo: 
lem thei 
condit';^^ 
oxid 

sirablb ;^.H^ne 'arding the properties of the meth- 

eny] giOup (s CHj of tb^^arher writers were based on a very 
hnuted number of observitiona It was reahzed that the charac- 
ter of the radicles attached to the tertiary carbon atom may be 
of considerable influence on its stability In the senes of aliphatic 
acids the distance of the tertiary carbon atom from the carboxyl 
seemed particularly worthy of consideration In view of this it 
was concluded to mvestigate the action of oxidizmg agents on 
the higher homologues of dimethylacetic (isobutyric) acid, 
(CHj)sCH COOH Unfortunately only the lower members of 
this senes had been prepared by previous workers and our task 
fell mto two parts, one the preparation of the higher homologues, 
and the other their oxidation 


^ place The prob- 

phase, was to estabhsh 
f /^ar}^ carbon atom undergoes 
^^^Ifcmg seemed all the more de- 


Preparaiion of the Acids 

The preparation of the acids was based on the foUowmg set 
of reactions 

RCHiOH— » RCHiI— » RCH.CH (COOC,H,)»-» RCH(COOH),-> 
RCHiCOOH-» RCH,COOC,H,— > RCH,CH,OH 

The set of reactions was then continued progressively to build 
up the higher homologues 

2-Methylpropyl alcohol (isobutyl alcohol) (CHjIjCH CHjOH, 

* Meyer, H , Brod, L , and Soykn, W , Monalsh Chem , 1013, xxxiv, 
1113 

* Levcnc and West, J Biol Chem , 1914, xviii, 477 
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In selecting the oxidizing ar^ 
acid, chromic acid, permangan^ 
agent has advantages an^ ^ ' 
mtnc acid the reaction ^ 
derivatives ® 


Aihoice of mtnc 
-oxide Everj 
Jaon 1 X 101 
itro 



The oxid , 
accordmg to Przewalskj ,* / 
acid also has some disadv 
agent adheres tenacionslis^ \ 
ever, it is planned to tesV^'^ 
ties of each of these agrfi^ 

expenmente with hydrogen pero^|^^,,-i^^B^^/ec^ 
it presents the greatest convemen^^-^^^^ulation 
From the work of D akin *” it is kmN^ mat normal fatty acids 
undergo the so called /3 oxidation, the acid givmg nse to a ketone 
having in its carbon chain one atom of carbon less than the 
onginal acid 

RCHtCH,(X)OH->^ RCOCH, 

To a smaller degree they oxidize in the a-position with the for- 
mation of the next lower aldehyde 


RCH,COOH~i RCHO 


Regardmg the action of hydrogen peroxide on the branched 
cham fatty acids the observations are limited to those of Dakm 
on isobutync and isovalenc, and to those of Raper on isobutync 
and on a-methylbutync acids In isovalenc acid the tertiary 
carbon atom happens to be situated m the )S-position, which ren- 
ders it doubly susceptible to the action of hyxlrogen peroxide 
Raper,** reports besides the usual oxidation of the tertiary carbon 
atom, also a peculiar behavior of the oc-methyl group The present 
work does not deal with acids of this structure and hence tbia 
new type of oxidation will be omitted from the present discus- 
sion However, the fact that the predominating product of 

* Bredt, J , Bcr chem Ges , 18S2, xv, 232L 

* Przewalskj , E , / praKl Chem , 1913, Lvcxvin, 405 

*“ Dakm, H D , Oxidations and Reductions in the Animal Body, Lon- 
don, 1912 

” Raper H S , Btochcm J 1914 vui, 320 
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vaa shown by Meyer, Brocl,^j 3 ^ were earned out in the conven- 
arbon atom-^ y "ene ' 

f. ■“ ')}jeids, esters, alcohols, iodides, 

uu homologues of isopropane 

ifrtf. !^l^’l'^22Sainvl denvatives had for 

\\| xi^ alcohols The normal 

^ ^ /xt ‘jy Yease m the number of car- 

lu thc^X; *'The specific gravities of the 

’VffJ ■I*? 


lusion an 
arbon 
iromc 
enn. 


lcoho_^^®'^ 


on 


1 the )'.l 






jolubihty in water of the di- 
m petroleum ether m- 
1 '.j ru!?bcATx)n part of the molecule 

acids, “the phenylurethanes of the 
_Jg^^''/fponobasic acids showed the custom- 
ty megulanty lau hows the record of the constants of 
le new acids and of tho'mtermediate products m the prepara- 
on of the acids 


TABLE L 

Physical Consianls of Compounds with the Radicle (CHi)jCH(CHj)x.* 
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o 
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S O. 
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Ph 

d 

o 

o 

w 

z 

tS 

C 

>-• 

t3 o 
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H 

8- 

(3 

g- 

OJ3 

o 

D:* 

(3 

Za 

g a 
Ox) 
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o 

Pi 

# 

s 

8n 

s 

4 

130t 1 

66 6 

148f 

174t 

134 31 

127-1291 

240-242} 

93 

5 

153 

48 0 

173 2 

199 3} 

160 4J 

1201 

137 

On 

86 5 

6 

170 5 

i 

82 6 I 

196 2 

216 1 

182 7 

103 6- 

104 0 

166„ 

100 0-100 3 

7 

188 5 

81 0-81 4 

100 0i7 

126- 

127,4 

232 

200 3 

114 0 

171 8., 

89 6-90 0 

8 

9 

10 

206 0 

66 4 

120 Ojo 

1 

1 

140 5,1 
248 

165 6„ 
174 0- 
L74 6„ 

220 6 

106 5 

182„ 


92 


♦ All data taken with standard thermometer and corrected 
tR ■= (CH,)tCH(CH,)x. 

t Taken from the literature and m every case where the compound was 
prepared, verified by this work 
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d a progressiA’e 
tertmrj" carbon 
ion to tbe rule 
"" ^n- 


As regards the 3 'ields of acetgnf^' 
fall with the increase of the df 
atom and the carboxjd group t 
was observed m the case ofiy 
trary to the general rule 
higher homologue Un 1 / 

First, m isovalenc acid Cr 
oxidation, the ^ oxidatic^ 
carbon atom as such, 

J3 oxidation leads to 
ishes the mass of the te*;^ ■ 
tion of isobutync acid was demo' 
propiomc aldehj'de among the piV 
In the present work propiomc aci^^ 
the products of oxidation 
Incidentallj’’ it maj’’ be mentioned that all attempts to isolate 
dicarboxyhc acids from the non-volatile part of the oxidation 
product were futde Furthermore, the acids extracted from this 
fraction on titration gave molecular weight values correspond- 
ing closely to the ongmal acids Hence it seems possible that 
the remamder of the molecule after the formation of acetone 
undergoes complete oxidation to carbon dioxide 
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EXPERtUENTAn PART 

S-Methylbutyl Alcohol {Isoamyl Alcohol) Constant boilmg 
alcohol havmg a rotation of —0 75°, mdicating 12 7 per cent o ^ ® 
active alcohol, was mixed with an equal weight of concentrated s 
func acid The temperature dunng the mixmg was kept bdow 
40°C The next day water and ice were added until the hqmd had 
been diluted to double its volume Sohd banum hydroxide w^ 
then added with mechanical stirrmg until the hqmd was neutr 
Congo red Dunng this process also, the temperature was kept 
below dO'C The precipitated banum sulfate was washed bj 
decantation until all of the banum amyl sulfate had been re- 
moved The wash hquors were repeatedly concentrated under 
diminished pressure and allowed to •crystalhze until the resultmg 
crystals showed a greater rotation than -f-O 20° m 10 per cent solu- 
tion m a 2 dm tube at room temperature All mother hquors 
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of .fcyer, ^ 

^ shoiv that ilpene . . ^ag methvleth^) 

• °9UrSQc£<ir- V \ 
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PnJicipal aim of th^ „ , <?B'*'^ 

^avor the third reaction 7k ^ Snd fh 

investigate the mfl ° tie otier fu, ^°^4itioni 

■T* ivas /ouad tiat tin ^^boxyl groi, ‘Stance 

tie solutioa of tie * P^oZdZZ^ 

amount of peroiaL sigil ^^vorably 

atoms of ojygen was ^ ^^'"^atenf «'ie 

wnditmns aU of tie^i^^^°^'®‘^ tie reaJ^^^ 

forever, acetone o^Cd ak" ' 

Acetone was identified ^^®^®™mating nm.; P^' 

s owed tie correct aelti^ J^.^'^^^^PbenylbyZ ^“‘^ti 

, , '"‘^tone pres, 

5 resultwe- frnr^ ^ 


isjcunoa, t 
^d from this was 

tie same solution ’'“'ae of „ "" ‘^ere 

Tie "Idei^Kfe .^,,„ , “““’“ pee- 

'Setr:?.re“',~^7°S‘'"" - ‘ie »« 

‘-T C? “;»p 
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S-Methylbutyl Iodide— 50 gmj- alcohol were 

slowly distilled with 224 cc constant boil- 
ing hjdnodic acid The dis/ _ tinned until the 

temperature reached 127°C^ ^ ^ 

distilled over A new V^f 
make up the onginal ^ o 

was contmued The ^^^Bdate, 

washed with water, deco^ A 

over sodium sulfate, an were 

redistilled with hydnod^ ^ ^^^Bcent of 

the theorj' 750 gm of^\ - iodide 

5-Methylhexylic Acid — x ^^J|||J^JPaensed m 

the customary maimer with n- ^ 6™ 

The 3-meth}lbutylmalomc estti water and then 

saponified without further purrficatioipr 

For saponification the wet ester was vigorously stirred xnth 
twice the theoretical amount of 50 per cent sodium hydroxide 


J ate, 
ned 
ivere 
t of 
iide 
:d m 
I gm 

vviLu »otci iiuu then 


The mass soon became hot and then sohdified The ex apomtion 
of the alcohol and water kept the temperature below 100 and 
additional coohng was not required even when lots of 800 gm 
were saponified The soap was extracted txvice xvith acetone, 
then mixed with a small amount of water and acidified xvith con- 
centrated hydrochlonc acid xvith coohng A large part of the 
3-methj Ibutylmalomc acid separated out and later sohdified The 
sodium chloride was filtered off and extracted txvice with ether, 
the mother hquors were extracted txvice with ether m a separa- 
tory funnel and then for 4 hours m Thiele contmuous extractors 
Prom the latter extract about 10 per cent of the yield xvas ob- 
tamed For later preparations the acid dissolved m the mother 
hquore was recovered more convemently but less econonucaUy 
by precipitatmg it from ammoniacal solution as the calcium 
salt The ether solution of the acid was dned, the ether removed, 
and the sjwup ciyrstalhzed over sulfunc acid m a vacuum desic- 
cator The crystals xxere washed xvith petroleum ether The 
constants found for this acid and its ethyl ester agreed xvith those 
reported by the earher workers ^ The acid melts without decom- 


» Paal. c , and Hoffmann, T , Ber chem Qes 1890, xxm, 1496 Frank- 
land E and Duppa, P F . Ann Chem , 1866, cxjcmu, 339 Fournier, H , 
Bull Soc chtm , 1909, i, 925 Nef, J U , Ann Chem , 1901, cccxxnu, 146 
Gnmshaw H , Ann Chem , 1873, cbcxa, 16S Wallach, O , Ann Chem , 
1916 cdvxu 190 


